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PREFACE. 


PERHAPS there are no persons who require a work of reference more than 
those interested in the industry of cyaniding gold and silver ores. The pro- 
cess being comparatively new, a want of data, given in a concise form, has 
been particularly felt by the practical worker, .the investigator, and the 
engineer, 

Although much knowledge on the subject is to be found in various 
periodicals, it is so scattered and so inaccessible as to be of little service to 
the busy worker for purposes of reference. 

In this book we have tried to bring together a good deal of fragmentary 
information, which has appeared from time to time in various parts of the 
world, in books, periodicals, and transactions of learned societies ; and which 
may be of use to the mining engineer, the metallurgist, the chemist, the 
working cyanider, and the learner. To this we have added information 
kindly supplied to us by our friends, who have acquired special knowledge in 
certain departments ; and further, we have added many of our own results, 
obtained from investigations made during the past sixteen years. 

Our aim was not merely to provide a formula book of hard and fast rules, 
nor yet to give only a series of examples of cyanide practice, but rather to lay 
before the reader some of the principles involved in the working of the pro- 
cess and in the construction of the plant, in order that he may have a better 
insight into the reasons for certain methods of procedure. 

We have endeavoured not to lose sight of the fact that the cyanide process 
appeals to the investor before the scientist, and such a work as this would, 
indeed, be very incomplete, if we neglected to deal with the subject from its 
commercial aspect. 

It would not, as is well known, be difficult to obtain more perfect extrac- 


tions, or to design plant by which material could be handled at a lower cost 
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than is usual, but it often happens that it is not the highest extraction, nor 
yet the most perfect design of plant, which results in the greatest nett profit 
in the aggregate. These are points which cannot be too carefully considered, 
and in trying to impress the reader with this side of the subject, we have 
dealt with the matter of costs rather more fully than might at first sight 
appear necessary. 

We have attempted to interest the practical worker in fundamental 
principles, with the object of inducing him to improve and develop the pro- 
cess, and to some the discussions may, at first, appear too theoretical for a 
book of this character. But everyone who tries to improve, acts on a theory 
of some sort, though not always conscious of it, and on the soundness of this 
theory success largely depends. A knowledge of theoretical principles is 
therefore beneficial, if only in conducing to prevent fallacious reasoning. 

The manager of a cyanide works is constantly asked to decide on the 
adoption, or otherwise, of a so-called improvement ; and in order to be able to 
discriminate successfully between the real and the apparent, it is necessary 
to use sound reasoning, based on theoretical principles, and supported by 
practical experience. For, to make an alteration without investigating the 
reason that leads up to it, is little short of gambling ; or to adopt a so-called 
improvement only because it has been successful elsewhere, points to in- 
competency. 

The chemistry of the process being chiefly of a physical nature, we have 
employed the newer developments in physical chemistry to explain changes 
that occur in dissolution and precipitation. The application of these modern 
developments are, we believe, likely to become of far-reaching importance, 
not only in giving a deeper insight into unsolved problems in the process, 
but in helping to overcome difficulties that have hitherto appeared insur- 
mountable. 

The views put forward regarding dissolution and precipitation are based 
on experimental evidence. The methods of conducting the experiments and 
the proofs of the results would be out of place in a book of this sort, and for 
this reason we simply put forward the views as statements of facts proved 
only to our own satisfaction. The comparative results given on the dissolu- 
tion of metals and minerals were obtained from average samples, and are the 
average of several determinations. This is necessary, because different 
samples of the same metal or mineral often gave different results; and 
further, because irregular variations occurred, in the dissolving effect of the 


solution, at different stages of the investigations; even when extreme care 


PREFACE, Vil 


was taken in determining the percentage of cyanide present, and in maintain- 
ing the same temperature. The values given should therefore be taken as 
preliminary, pending further investigations, but for practical purposes they 
may be regarded as sufliciently correct. In some cases, to save time, the 
results were obtained by interpolation from empirical formule, as this 
method was found to agree with direct experiment. 

We have purposely avoided any abstruse mathematical reasoning, as we 
are appealing more to those whose knowledge of figures is limited, and there- 
fore we have gone but little beyond the rudiments of arithmetic and algebra. 
Undoubtedly even this extent will be found greater than a certain section of 
those engaged in the industry command, but we do not think that that is a 
sufficient reason for omitting what to others may be helpful. And since this 
book is intended not only for the shiftman, but for the engineer and manager, 
who, it is presumed, are acquainted with, at least, this slight knowledge of 
figures, we need say no more. 

The formule and rules are, for the most part, deduced from practice. 
Constants are used which may be adjusted to meet abnormal conditions, and 
thus the formule can be universally applied. Copious tables are given, as 
the best means of simplifying calculations and of expressing results for 
practical men. 

Although great pains have been taken to secure accuracy in the calcula- 
tions, yet in a book like this, where there are so many figures involved, it is 
probable that errors have crept in. We should therefore be very grateful to 
those who would bring to our notice any mistakes. 

The illustrations are chiefly from working drawings to scale, reduced, 
which have been, for the most part, largely used in practice, and sufficient 
dimensions are given for an engineer to work from. 

Much care has been taken in quoting the sources of our information, and 
we have endeavoured to give full credit where it is due. In some cases, 
however, a doubt exists as to whom the credit belongs, and then it has been 
given to the earliest one found published, but in a few cases we were obliged 
to omit names altogether for want of more definite particulars. 

Besides those whose names are mentioned in the text, we are specially 
indebted to Mr E. P. Martin, B.C.E., New Loch Fyne mine, Victoria, and Mr G. 
Kermode, B.C.E., Castlemaine, Victoria, for Australian prices; to Mr Charles 
Butters, A.M.I.C.E., of London, who has placed at our disposal valuable 
tabulated results of experiments made on a working scale by his staff in 


America; to Mr Ernest Williams, mining engineer, Johannesburg, Mr Jobn 
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Kelly, consulting engineer, Johannesburg, Mr Clement Dixon, Johannesburg, 
Mr W. Watkins, A.M.I.C.E., London, Mr M. Torrenti, Johannesburg, and Mr 
Francis Spencer, Johannesburg, for general technical information. 

Our thanks are also due to those secretaries of companies who have shown 
us much courtesy and given assistance in obtaining costs, etc., amongst whom 
are Mr J. N. C. Humphreys, secretary to Charles Butters & Co.; Mr Herbert 
Akers, London, secretary of the Waihi Gold Mining Company; and others 
whose names are mentioned in the text. 

Much as has been done during the past decade in improving the process 
for treating simple ores and lowering costs, there is still much left to be done 
before we shall be able to cope with the problem of cyaniding the large 
bodies of complex ores known to exist. This end will, in our opinion, be 
most quickly arrived at by constantly bringing together, in a concise form, 
exact data of researches made under different conditions, and thus facilitating 
development in the right direction. With this object in view, we earnestly 
appeal to all connected with the process for short particulars of investigations 
or working costs which they may wish to submit to us for recording, together 
with the source of original publication. 

In bringing together this fragmentary information concerning the cyaniding 
of gold and silver ores, we are aware of having fallen far short of our aim, 
but we trust that this small contribution may be of some use as a guide, and 
may serve to increase that interest in the process already so strongly manifest 


in many parts of the world. 


H, Fy JULIAN: 
EDGAR SMART. 


REDHOLME, TORQUAY, ENGLAND. 
P.O. Box 830, JOHANNESBURG, S. AFRICA, 
December 1903. 
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CYANIDING GOLD AND SILVER ORES. 


CHAPTER I. 
EARLY HISTORY OF THE CYANIDE PROCESS. 


Asout the beginning of last century it was first notified that cyanide of 
potassium had a solvent action on gold. No practical use seems to have been 
made of this fact until towards the middle of the century, when Elkington 
patented his process for electro-plating articles with gold, and silver from 
cyanide solutions. Some interesting investigations were made soon after this 
by Bragation,* Napier,t Elsner,t and Faraday.§ These investigations were 
chiefly of scientific interest, and no suggestion referring to the dissolving of 
the gold out of ores appears to have been recorded until, in 1866, Wurtz|| 
mentioned it in a paragraph of a letter. The following year a patent was 
taken out in the United States by J. H. Rae, entitled an “improved method of 
treating auriferous and argentiferous ores.” The process consisted, in the 
main, in agitating the crushed ore in a solution of potassium cyanide and 
simultaneously passing an electric current through the solution to facilitate 
the dissolving of the gold and silver, and at the same time to precipitate the 
dissolved metals on cathode surfaces of copper. It seems probable that the 
use of a cyanide solution to dissolve gold and silver from ores was, to Rae, 
common property at the time, and that the employment of the electric current 
was the chief novelty. It is reported that Rae’s process was tried on a 
commercial scale, but with what success is not stated. 

Between the granting of Rae’s patent and the year 1885 several patents 
were applied for in which cyanide was used in such a way that the gold and 
silver in ores was caused to dissolve, but none of these inventions were of 
importance. During that period a number of investigations had been recorded 
on the dissolution of gold in ores by means of cyanide. Hahn { in 1870 stated 
that the gold present in sulphides in ores is soluble in a cyanide solution, and 


* Bull. de? Acad. des Science St. Péersbourg, 1843. 

+ Phil. Mag., vol. xxv. p. 64, 1844. 

t Erdm. Journ. Prak. Chem., vol. xxxvii. pp. 441 to 446, 1846. 
§ Roy. Inst. Proc., vol. ii. p. 808, 1857. 

|| 4m. Journ, Science, vol. xli. p. 222, 1866. 

{ Chem. Centralblatt, No. 15. 
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he pointed out that this fact was taken advantage of in the treating of gold ores. 
W.Skey* in 1875 made some observations on the action of potassium cyanide 
on gold ores as then employed in the amalgamation process. He pointed out 
that the use of potassium cyanide in connection with amalgamation occasioned 
a loss of gold and silver, as these metals were soluble in the salt. He asserted 
that both gold and silver in a cyanide solution were electro-positive to mercury, 
iron, and metallic sulphides found in the ore, although the latter metals and 
sulphides were acted on at the same time, but to a lesser extent. That is 
equivalent to saying that the gold and silver would become dissolved out, 
while the sulphides would be little acted on. 

It was common practice at that time amongst mill men to treat con- 
centrates for their gold by barrel amalgamation, and it was known that in 
order to render the gold readily amalgamable the addition of some potassium 
cyanide had a very beneficial effect. Skey observed that the use of cyanide for 
this purpose was attended by a loss of gold and silver, as these metals dissolved 
and were not again precipitated by the mercury or the sulphides, the latter 
being electronegative to the gold and silver; but he proposed that in order 
to avoid loss from this source the fluid used in the barrel should be passed 
over copper plates. The copper being electro-positive to gold and silver in 
cyanide solutions, precipitates these metals. 

W. A. Dixon, in a lecture delivered before the Royal Society of New South 
Wales in 1887, alludes toa patent that had been taken out in America for 
extracting gold from its ores by dissolving the metal out with potassium 
cyanide, and states that he does not think the process likely to prove satis- 
factory on account of the cost, the instability and poisonous nature of the salt. 
These drawbacks had doubtless presented themselves to many minds. 

In the year 1885 J. W. Simpson applied for a patent in the United States 
for a process of separating gold, silver, and copper from their ores, and this 
consisted in subjecting the ore to a mixed solution of potassium cyanide and 
carbonate of ammonia, and subsequently precipitating the dissolved metals 
by means of zinc plates. He points out that his process is particularly 
applicable to sulphide ores that have been finely pulverised. To remove 
the precipitated metals from the zinc plates, he suggests agitatmg them im 
sulphuric or hydrochloric acid. 

It would appear that Simpson added carbonate of ammonia, wil the idea 
that it could be used to facilitate the dissolving of the gold in place of the 
electric current used by Rae, for he says in his original specification “that by 
the use of carbonate of ammonia the necessity of electricity is obviated, and 
the cost of separating the metal from its ores is greatly reduced.” He must, 
however, have found this to be an error, as in the final specification the state- 
ment was suppressed. It does not appear that masa ever applied this 
process on a commercial scale. 

About the time that Simpson was applying for his art various metallur- 
gists began to interest themselves in the cyanide treatment of gold ores, and 

* Trans. and Proceed, New Zealand Inst., 1875. 
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recorded some results. Among these were Endlich and Miihlenberg, W. A. 
Dixon and L. Janin, jr. 

In the year 1887 Wanliss and Julian, then acting as consulting engineers 
to the Johannesburg Pioneer Company, erected a small plant to treat blanket- 
ings from the company’s first stamp mill. It consisted of an amalgamation 
barrel, a receiver for the treated ore, and an amalgamated copper plate with 
mercury wells. The barrel was charged with about # ton of blanketings and 
one-fourth to one-third their weight of water. To this was added about # lb. 
of 60 per cent cyanide and 1 lb. of caustic soda. The barrel was then rotated for 
eight hours, when it was opened and a bottle of mercury (72 lbs.), in which $ lb. 
of commercial sodium amalgam had been dissolved, was added. The barrel was 
again rotated for eight hours and the contents were discharged into a receiver, 
from which it was slowly washed out with water to collect the particles of 
amalgam on the plate and in the mercury wells. The gold extracted by this 
little plant amounted to about 90 ozs. per month. 

The assays showed that a considerable amount of gold still remained in the 
tailings undissolved, and it was found impracticable to get anything like a 
complete precipitation of the dissolved gold in the time allowed. A longer 
treatment might have been given and a better extraction obtained, but that 
meant a decreased output of gold, which is a serious item to a small struggling 
company just beginning operations. 

A much more perfect plant was erected at the Roodepoort United Main 
Reef Company’s mill in 1888, which consisted of two barrels, each capable of 
treating 14 tons of blanketings at a time in the same way as at the Pioneer 
Company, except that the pulp was heated with live steam until it was just 
too hot to bear the hand in. The ore in this case was less than half as rich as 
that treated at the Pioneer Company, but the dissolving of the gold was so 
complete that the washed residue tailings rarely assayed as much as 1 dwt., 
while the originals were sometimes 14 ozs. The difficulty of dissolving the 
gold was thus got over, but the actual gold recovered did not at all tally with 
the assays, there being a discrepancy, which was found to be due to bad pre- 
cipitation by the sodium amalgam. About this time Julian was making 
investigations in connection with the dissolution of gold in ores by chlorine, 
and also by cyanide under a high pressure of air, and subsequent precipitation 
by an electric current and by sodium amalgam, which resulted in some 
patent applications in South Africa. For oxidised ores the dissolution of 
the gold by chlorine under pressure of air and precipitation by sodium 
amalgam was as perfect as could be desired; in fact, some blanketings con- 
taining 34 ozs. per ton left only about 7 dwts. in the residue, equivalent to a 
99 per cent. extraction. The fine gold was dissolved and re-precipitated as 
amalgam, while the coarse gold was made easily amalgamable. But when 
pyritic ore was dealt with, the dissolution of the gold became impracticable 
without an excessive consumption of chlorine, and it was found necessary to 
again return to cyanide as a solvent, and in order to precipitate the dissolved 
metals an electric current was employed, the anode being iron or lead 
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peroxide, and the cathode mercury. A number of experiments had been 
carried on at Johannesburg and Kimberley in 1888-9 embodying these latter 
ideas, dealing with ton lots at a time. 

In 1889 a plant was erected at the Wemmer Gold Mining Company, 
Witwatersrand, to deal, by this process, with ore that carried some pyrites. 
It consisted of three rotating barrels, each having a capacity of two tons of 
ere. About the same proportion of cyanide and alkali was added as in the pre- 
vious cases, but a pressure of air was kept up in the barrels of about 30 to 40 
tbs. per inch, and the contents-were heated with live steam. The results showed 
that when the ore was not too coarsely crushed the gold dissolved rapidly and 
very completely within a very short time. When practically all the fine gold 
was dissolved the pulp was discharged into a circular agitating vat of wood. 
The bottom of the vat was covered with a well amalgamated copper plate, 
coated with an excess of mercury. This formed the cathode of an electrolytic 
cell. The anode consisted of an iron disc stirrer which kept the ore particles ip 
2, state of suspension and continually brought fresh solution in contact with 
the mercury cathode. The side of the vat was also lined with iron to within 
a few inches of the bottom and connected to form an anode. After the pulp 
had been agitated and the electric current passed through it for some hours, 
the vat was slowly discharged through sluice gates arranged at different levels, 
with the addition of more solution. The pulp then flowed over well ‘set’ 
amalgamated plates and through mercury wells or riffles. The baffle boards of 
the riffles were covered with lead peroxide and connected with the dynamo 
to form anodes, while the mercury and plates were the cathodes. The 
mercury cathode in the vat soon became sodium amalgam. This was 
removed at intervals and added to the ore in the barrels to assist 
precipitation. 

It was found that the electrode surface was too small to get anything like 
complete precipitation in the longest time that could be practically allowed, 
and to partly compensate for this the solution was circulated and kept con- 
tinuously coming in contact with the electrodes. The amalgam obtained, 
either by precipitation with sodium amalgam or by the electric current, was of 
a fine slimy nature and could not be squeezed, but if allowed to stand in a 
pail for a few days it assumed, to some extent, the characteristics of ordinary 
amalgam. 

At the time that the small plant erected by Wanliss and Julian was being 
worked by the Pioneer Company, J. S. MacArthur, R. W. Forrest, and W. 
Forrest, who had been experimenting in Scotland with samples of gold ore, 
applied for a patent in Great Britain, No. 14,174, 19th October 1887, for 
extracting gold and silver from ores by dissolving out the metals with a 
solution containing cyanogen or a cyanide. At a later date they state, in the 
United States application for patent, that a solution containing from two to 
eight parts by weight of cyanogen per 1000 of water without the presence of 
any other chemically active agent “has a selective action such as to dissolve 
the gold and silver in preference to the base metals.” They suggest that the 
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gold and silver may be obtained from the solution by any convenient known 
way, “such as evaporating the solution to dryness and fusing the resulting 
saline residue, or by treating the solution with a sodium amalgam.” 

It is probable that this patent would never have been noticed by practical 
men were it not that MacArthur and Forrest followed it up with an ingenious 
method of precipitating the dissolved metals by zinc. The fact that gold and 
silver could be dissolved from ores by:a cyanide solution did not add anything 
to the knowledge previously possessed by metallurgists, and the discovery of 
the so-called ‘selective action’ of weak solutions is a factor of no practical 
importance. This is self-evident from the fact that other factors than strength 
of solution, viz., time and cost of material, have to be taken into account, so 
that the most suitable strength of solution is often not within the limits of 
the solutions said to have selective action. 

MacArthur and Forrest added, to the gold-mining industry, knowledge of 
great value, which has been highly appreciated by practical men, through the 
mtroduction of zinc in the form of fine shavings or turnings for precipitating 
gold and silver from cyanide solutions. They covered this invention by a 
patent obtained in Great Britain, No. 10,223, and dated 14th July 1888, of 
which the second claim consisted “in precipitating gold and silver from cyanide, 
chloride, bromide, thiosulphate, sulphate, or other similar solutions, by means 
of zinc, the employment of the zinc as freshly prepared in a state of fine 
division.” The claim has been considered too broad, inasmuch as in the years 
1862-4 * it was pointed out that zinc in a granular condition is particularly 
suitable for precipitating from solutions most metals occurring in ores ; also, 
a patent was obtained in Great Britain in 1884 by A. P. Price for precipitating 
gold and silver from solutions resulting from the treatment of ores by agitating 
the solution in contact with zinc in a fine state of division. Although these 
may be considered as anticipations of MacArthur and Forrest’s patent, the 
employment of zinc as used by them in the form of fine shavings was certainly 
novel, and has much to do with the early success of the cyanide process. Had 
zinc been introduced in the granular or powdery form, then commonly em- 
ployed in laboratory work, the difficulties attending its practical applica- 
tion on a large scale are so great that in all probability the cyanide 
treatment of ores would not have met with the popular application so 
marked in its history. 

In the year 1888 Werner von Siemen, of Berlin, applied for patents on the 
chief gold fields of the world for the extraction of gold and silver from ores, 
which consisted in treating ores with a cyanide solution, and afterwards pre- 
cipitating the gold and silver from the separated solution by means of an 
electric current, using anodes of iron and cathodes of lead. The process was 
not applied on a working scale until 1893. 

Thus it would appear that the extraction of gold and silver by the aid of 
cyanide began from mere suggestions and laboratory experiments, which con- 
veyed to various minds the possibility of devising a process for dissolving out 

* Die Chemisch-technischen Mittheilungen, 1862-3, and Otto’s Chemistry, 1864. 
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precious metals from ores. One of the most obvious factors in favour of 
cyanide as a solvent, which has been appreciated by chemists from the first, is 
that the compound formed is of so stable a character that the mineral matter 
of the ore does not precipitate the dissolved metals, whereas when chlorine is 
used it is difficult to prevent the gold from re-precipitating. In other words, 
the gold and silver are more electro-positive in a cyanide solution than the 
pyrites or other mineral matter, while in a chlorine solution the reverse is 
the case. 

Had Rae’s process of 1867 been practically applied on a suitable ore and 
followed up by trained metallurgists, there is no doubt but that it would have 
developed in a few years into a successful cyanide process. As it was, and in 
spite of additional knowledge and subsequent improvements on Rae’s ideas, it 
was not until the year 1891, when a plant was erected at the Robinson Gold 
Mining Company to treat tailings by the MacArthur-Forrest process, that the 
treatment of ores by cyanide had crystallised into a form acceptable to the 
mining world. From that time it may be said that the cyanide process, 
which has proved such a phenomenal success, dates. 

The chief credit in proving the adaptability of cyanide to gold ores and in 
putting before the world a workable process is due to MacArthur and the 
Forrests, their colleagues, and the Cassel Gold Extracting Company of 
Glasgow ; and not a little of the credit is due to that careful chemist, G. A. 
Darling, who successfully carried out the treatment with the first Robinson 
plant at a time when the available knowledge of practical difficulties was so 
meagre that success depended almost entirely on his technical skill. This will 
be the more appreciated if we quote an American authority, G. A. Stetefeldt,* 
on new metallurgical processes :—“ To invent a new process and perfect it 
technically is one thing—to make it financially a success is an entirely different 
affair. Inventors are only too often deficient in qualifications for managing 
their own business. If a new process is not a financial success at the beginning 
of its introduction, it may take years to obliterate the odium of failure. A 
process may be all right in theory, its technical points may have been worked 
out to perfection, but if it labours under the odium of many failures that may 
have nothing whatever to do with the process itself, it becomes difficult to instil 
into the minds of the public anything but failure. The successful introduction 
of new metallurgical processes seems to be a difficult matter, owing to the fact 
that general managers of mines are rarely men of professional education, and 
are incompetent to pass judgment on the merits of a new process. For this 
reason it is difficult to introduce a new process. On the other hand, if a mine 
does not pay, the manager is generally eager to try some new process that 
promises a great saving, but in most cases he cannot provide the necessary 
means for erecting a perfect plant.” 

“In conclusion, I will say lixiviation requires much more skill than 
amalgamation. So many variations of treatment being possible, much 
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CHAPTER 
PRELIMINARY INVESTIGATIONS. 
Section I. 


General Considerations.—In determining the adaptability of the cyanide 
process to the treatment of gold and silver ores, the utmost accuracy in the 
mode of procedure is absolutely necessary if the results are to be of value. 
There are many important factors to be observed, any one of which may have 
a special bearing, not only on the construction of the treatment plant and 
the method of procedure in the process, but also on the method to be adopted 
for crushing and dressing the ore. 

Amongst the various points to be considered are the physical and chemical 
states in which the gold and silver exist, as far as determinable ; the method 
of crushing, such as dry or wet crushing, and the most suitable plant for 
this purpose—stamps, rolls, ball mills, etc., size of screens and sizing of the 
crushed ore; whether it is advantageous to concentrate, the adaptability to 
percolation or to agitation and subsidence, with the general arrangement of 
the plant; whether roasting is beneficial, or whether fine grinding is more 
advantageous ; the dissolving of the gold from ores, raw or roasted, and of 
different sizes, by means of different strengths of solution ; the consumption of 
chemicals and the precipitation of the dissolved metals. Such considerations 
would be very incomplete without an estimate, for each method investigated, 
as to cost of treatment on a working scale and probable profit. The profit is 
the most important of all points, for we are here dealing with a problem, 
not merely from a scientific point of view, but from a commercial aspect. 
To estimate probable profit with any degree of accuracy from preliminary 
investigations requires much judgment and long practical experience in the 
working of the process. 

The several points above mentioned may be subdivided into others ; and if 
each investigation is carefully made and systematically tabulated, it will be 
found that the trouble and expense it entails will be more than compensated 
for, disappointment will be averted, and the success of the selected pro- 
cess practically assured. The importance of such an investigation before 
proceeding to design a plant presents itself very forcibly when economic 
considerations are taken into account, for in treating a gold or silver ore there 
is often but a narrow margin between profit, in one case, and loss in 
the other. 


Investigations of this sort should be entrusted only to one who has a 
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thorough theoretical and practical knowledge of the process, skill in laboratory 
manipulations, and some business ability—in reality, a man who has had a 
mechanical and chemical training, and practical experience in the complete 
treatment of gold and silver ores by wet processes. 

No hard and fast rules can be laid down as to the method of carrying 
out an investigation and in treating an ore, but a few general outlines are 
here given as a guide, and these may be modified to suit any variety of 
circumstances. 

Sampling.—The first important matter is to get a portion of the ore to 
be investigated. This should be taken so as to represent a fair average sample 
of as many thousand tons as it is practicable to procure. The sample cannot 
be too carefully taken, for this is the foundation on which the entire 
investigation rests. 

The ore to be sampled may be taken from— 

(a) The mine. 

(>) An ore heap before crushing. 

(c) The current product as it leaves the mill in a crushed condition. 
(dq) A heap of material already crushed. 

(e) Truck loads as they go to or from the works, or belt conveyors. 

(a) The sampling of the ore in the mine is usually done by breaking 
pieces off the whole face of each stope at regular intervals. This does not 
appear to be a difficult task, but considerable judgment 
and intelligence are required in avoiding an undue 
quantity of abnormally rich veins or pockets or of more 
or less barren rock, in order to get a fair sample. Mine 
sampling is a business in itself, and should be entrusted 
only to those who are specially qualified for the work 
and disinterested in the results, but it is well that the 
metallurgist should know what- to do with the sample 
when it is taken to the surface. 

The sample ought to weigh at least 10 cwts., and, if the mine is extensive, 
may be as many tons. On the surface it is spread out on a hard clean floor, 
broken into pieces to pass through a 2-inch or 3-inch ring, and then shovelled 
into a conical heap. It is next thrown back into another heap, when the ore 
should have been properly mixed, and this operation may be again repeated, 
if thought necessary by the sampler. It is now levelled off into a flat circular- 
shaped heap of about 6 inches deep or more, and two strings are stretched 
across its diameter at right angles as in fig. 1, two opposite quarters are 
retained as 1 and 2, while 3 and 4 are thrown out. The part of the ore 
which is retained is again turned over and thoroughly mixed, and a similar 
circle is made and again quartered down until the sample is finally reduced 
to 1000-3000 lbs. This is then broken by a small hand or power stone- 
breaker to hazel-nut size, and is again reduced in bulk by quartering, or 
better by means of a Clarkson divider (page 10), to, say, 200 or 400 Ibs. The 
latter is crushed to any desired degree of fineness by means of a ‘dolly’ or 


Fig, 1.—Sampling. 
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hand stamp with water. The whole of the water and slime should be saved. 
If crushed dry, a small ball mill of the closed type answers the purpose, but 
care should be taken that as little as possible of the dust escapes. Every 
piece of ore belonging to the sample should be completely crushed to pass a 
sieve of the desired mesh and nothing left. 

(b) When an ore heap is to be sampled it is usual to make a cutting 
right through its centre of a narrow but convenient width to work in; 
and as the ore is removed, it is dumped into a conical-shaped heap and then 
dealt with as already described under (a). When this heap is large it is of 
course reduced in bulk by quartering to a convenient size of 2 or 3 tons 
before breaking down to 2 or 3 inch gauge. 

(c) Crushed ore as it leaves the mill may be either wet or dry, the 
former being most usual with gold ores. When crushed dry, samples may be 
conveniently taken by an automatic sampler as the ore is discharged from 
the mill. Such a sampler, to give satisfactory results, 
is not difficult to construct. 

When, however, the ore is crushed wet, sampling 
becomes a more difficult problem. The ore as it leaves 
the battery tables is usually carried away by a launder, 
and at any point where a fall may be conveniently 
obtained samples are taken. This is done by taking a 
measured quantity of water and sand at regular intervals 
of every hour or so, by placing a vessel under the launder 
so as to take the whole of the pulp then passing, and 
next discharging the pulp caught into a large tank. 
This operation may be conducted by hand, but it is easy 
to devise an automatic appliance for the purpose which 


answers fairly well. The contents of the large tank are 
~ allowed to settle and the clear supernatant liquid is 
syphoned off at intervals, while the sand and muddy 
water are run off into a drying pan, where the super- 
fluous water is evaporated and the ore thoroughly mixed. 
This may be done once a day, or, where the ore is more uniform, once every 
two or three days. 


Fic. 2.—Sampling and 
Dividing Machine. 


In this way a very accurate average may be obtained, but the method 
requires cumbersome plant, is troublesome to deal with, especially in large 
mills, and involves much labour after the sample is collected. 

In order to obviate these difficulties, a large number of automatic appliances 
have been devised, whereby small samples are taken continuously or inter- 
mittently from a narrow width of the launder, so as to reduce the bulk 
handled and save labour. But tailings flowing with water have such a 
tendency to concentrate that we have not, as yet, found an entirely satis- 
factory automatic sampler of this kind from which the results tally with 
those of the first method. 

The sample should be dried at a temperature not exceeding 150° F. 
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until it contains about 5 or 6 per cent. moisture, in which condition it is 
reduced in bulk to about 200 to 400 lbs. by quartering and dividing as 
described under (a), or better by employing an automatic apparatus such 
as a Clarkson Divider. This apparatus is shown in fig. 2. It mixes the 
sample thoroughly, and gives a uniform product of any desired bulk. If the 
time of collecting the sample be noted, and the ore after drying be weighed, 
we can obtain a fair approximation of the quantity of material being daily 
produced. 

(d) It sometimes happens that the ore to be sampled consists of a heap 
of tailings which has accumulated from time to time. In this case we pro- 
ceed by laying off two sets of equidistant parallel planes 8 to 60 ft. apart, 
at right angles to each other, and thus divide the whole of the heap: into 
squares of equal area, measured horizontally, as shown in figs. 3. Pegs are 
inserted at the corners of each square, and a sampling rod is pushed down 
in these spots through the material to the surface of the ground beneath it. 
The whole of the cores drawn from the four holes of each alternate square 
are well mixed, reduced in bulk if necessary, then put into clean linen bags, 
numbered, sealed, and sent to the assayer, each set of holes being completed 
before proceeding with the next. 

In this way a fair average of the assay value of the whole heap may be 
determined, but before this can be done with any accuracy it is necessary 
to know the cubic contents of the material in each square. 

Referring again to fig. 3, the levels of the surface of the heap and of the 
ground on each side are taken witha level and staff in the ordinary way, 
and sections plotted showing the actual outline of the tailings and the real 
shape of the ground along any line of borings. The surface of the ground 
underneath the heap can often be sketched in with sufficient accuracy when 
the general surface of the country shows the inclinations to be constant, as 
in fig. 3a. If convexity or concavity exist, as in 3), this must be determined 
by borings. The depth of material at the corners of each square, whether 
determined by direct borings or scaled off the plotted sections, should be 
marked on the plan at the corner of its respective square, as shown in part 
on fig. 3, and the contents below each square will evidently be the average 
of the depths at the four corners multiplied by the area, or, what is the same 
thing, the sum of the four depths multiplied by a quarter of the area. Thus, 
if the sides of the square were 20 feet, its contents in feet would be the 
sum of 4 depths in feet x 20 x 20 

4 
divided by the cubic feet in a ton of tailings gives the contents of each 
square in tons, which should be set down on the plan as shown between lines 
fand g. The quantity of gold and silver in the whole heap may then be 
calculated, and divided by the total number of tons, gives the average 
value per ton. 

It sometimes happens that the heap is too deep for the sampling rod to 
reach the bottom, in which case several pits are dug at equal intervals until 


or sum of 4 depths x 100, and this result 
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the rod can be driven to the floor. The core drawn from below these pits 
may be mixed to form separate samples, and assayed and tested separately. 

Heaps of concentrates are measured and tested in the same way, but the 
borings are made much closer, 4 to 8 feet apart being sufficient. 

Very often a tank of ore is sampled in the same way, that is, by driving 
the sampling rod down to the filter cloth at equidistant points, the cores 
from which are thoroughly mixed and sent to the assayer, and the same 
method is again repeated on the residues after draining. 

This method of taking samples from a tank is objected to by some men 
on account of channels being formed for the solution to flow down instead 
of flowing uniformly through the whole mass. This objection does not always 
hold, but there are certainly cases where the method has proved prejudicial, 
particularly when the ore has not been sized, or contains much slime with 
coarse sand. 

(ec) When the ore is conveyed to the tanks by the truck or car load, or 
when it is carried by a belt conveyor, an excellent opportunity is given to 
take a fair average sample. In the case of truck loads a short sampling 
rod, about 1 inch diameter and 2 feet long, is driven into each load as 
delivered, and the cores are collected together. The same method is employed 
with the residues when discharging into trucks. This method, however, 
. entails considerable expense in labour. When a belt conveyor is used, samples 
may be taken at regular intervals by filling a small dish and discharging 
into a large vessel. This may be done automatically. 

Discrepancies occur, whatever method of sampling is employed. These 
are to a certain extent unavoidable, owing to the great number of factors 
that are involved, many of which may vary unobserved. It is only 
on rare occasions that the estimated gold and silver in a quantity of ore 
corresponds with that accounted for after treatment ; and when it does so, 
it is just as likely as not to be a coincidence rather than a sign of careful 
work. We can, however, nearly always rely on getting a fair approximation 
when the operations are conducted with care by qualified men, and more 
particularly where the ore has been previously sized. 

The Sampling Rod.—This is usually made from a length of ordinary 
gas-piping, about 14 inches diameter, by cutting a slot lengthwise, taking 
out rather over one-third of the circumference to within a foot of the top 
end. A cross bar of about 2 feet long is then firmly secured to the uncut 
end, for the purpose of rotating and lifting the rod. The rod should be 
driven down into the sand without rotating, and when down to the desired 
depth is rotated several times and the core drawn up. 

Another shaped sampling rod is similar to a screw auger. This is driven 
down into the sand with greater ease than the former, as it may be rotated 
in the direction of the screw, and the core is drawn up without rotating. 
Both rods bring up cores containing a larger proportion of the ore near the 
surface than near the bottom. This is a disadvantage which is more marked 
in the former than in the latter shape. 
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The Testing Laboratory and Fittings.—The testing laboratory is pre- 
ferably attached to the assay laboratory, and should in fact be under the same 
roof, but form separate rooms, and consist of a testing room and a sampling 
room. In the testing room ought to be available apparatus for one or more 
small leaching and precipitating plants, capable of dealing with a few pounds 
to half a ton at a time, a good supply of measuring glasses, burettes, 
flasks and beakers, well made scales and weights, a set of bottles of ordinary 
chemical reagents for qualitative and quantitative analysis, and the use of 
assay and chemical balances. Facilities should be given for obtaining devices 
that might assist in rapid and accurate results. It is without doubt false 
economy to under-man or under-equip the testing and assay laboratories, as 
even such a small increase in extraction as 2 or 3 grains per ton, which 
is likely to result from good management, is sufficient often to cover all the 
laboratory expenses. 

The sampling room should be well lighted and ventilated, and kept as 
free as possible from dust and draughts. Amongst the chief articles required 
are a sampling plate for moist ore made of 6’ x 3’x 4” steel, well planished 
and kept as free as possible from rust and a hot plate of about the same size 
for dry samples. This is made, as shown in elevation fig. 4, of two plates 
; thick, riveted to a rim of 3” channel iron and well caulked. The plate 
should be kept at a fairly uniform temperature, not exceeding 150° F. This 
may be conveniently done by heating the water in a boiler and circulating it 


Fie, 4.—Hot Sampling Plate, 


by means of tubes—(a) the hot pipe and (6) the cold—in the usual way ; 
(c) is the water feeder. The plates are placed at a convenient height to 
work at standing, about 2’ 6” to 2’ 9”. Several scoops, trowels, and large 
spatules ought to be kept. A good supply of shelves and cupboards will 
be found very serviceable. 

Small Leaching Plant.—The test of first importance is to determine the 
amount of gold and silver capable of being dissolved out of the ore in a 
given time, and the amount of cyanide consumed, for on these factors 
depends largely the adaptability of the process. 

A simple, conveniently arranged plant, such as is shown in fig. 5, should 
form part of the apparatus of the testing room. A is a small stoneware jar, 
glazed, with a tubulure at the bottom, such as is sold by dealers in chemical 
apparatus, about 7” diam. and 10” deep inside measurements. A false bottom 
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is made of thick iron-wire sieving, about 36 holes to the square inch, sup- 
ported at a height of 14” by iron-wire legs. This is covered with a piece 
of cheese cloth, and on that a piece of fine muslin or a piece of thin filter paper 
is placed. Both are well wetted and packed in round the wire gauze, and then 
the ore is filled in, either dry or moist. 

A short bent glass tube is secured to the jar by a rubber stopper, and a 
long glass tube is connected with this one 
by means of a short rubber tube, to conduct 
the solution as it filters to its respective 
sump jar. These sump jars are made of 
glazed stoneware or glass, are four in 
number to each leaching jar—alkali, strong 
solutions, weak solutions, and water wash 
—and are readily obtainable at small cost. 
The solutions are preferably applied to the 
ore from measuring glasses, in order that 
the exact quantity may always be noted, 
and when drawn off again, measured and 
the quantity noted. Several such plants 
may be kept in operation at once. One 
or more larger leaching jars, 12 inches 
diameter and 24 inches deep, will also 
be found useful for testing poor tailings 
and residues, 

Precipitating Apparatus.—It is advis- 
able to keep a small zinc box for use 


when required, and this should be made 
so that the compartments are capable of 
being increased or decreased in area. The 
Plan. 
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velocity of the solution passing through 
the box may then be varied within wide 
limits, and be made independent of the 
rate of the inflow. 

An electrical precipitation box should 
also be kept, and also arranged that the 16. 5.—Small Ore Leaching Plant 
velocity of the solution may be varied. Oe oe 
For use with this apparatus a number of accumulators, ten or more, may 
be conveniently employed, and a delicate volt-meter and ampere-meter are 
essential. 

Zinc precipitation tests on a small scale are usually not as satisfactory as 
on the working scale, but many important points present themselves in the 
laboratory which are not apparent on a large scale, and vice versd. On the 
other hand, precipitation by electrical methods gives, if anything, better results 
on a small scale than in a box of working size. 

Agitation Apparatus.—It is also advisable to keep an agitation apparatus 
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in the laboratory, as ores are sometimes met with which cannot be successfully 
treated by the ordinary method of percolation, but are readily dealt with by 
agitation. Slimes may also be tested in the same plant. 

Fig. 6 represents such a test agitation plant. A is an ordinary earthen- 
ware filter jar, which contains an agitator B, made of a disc of iron or lead with 
a hole in its centre. It is secured to a spindle C, carried by two brackets & 
and F, and these brackets are secured by set screws to a stiff vertical pillar 
G, and may be raised or lowered. On the top of the spindle is keyed a pulley 
H, driven from a vertical shaft S by a pulley D. D is secured by a feather 
and collars, and is adjustable to any height of H. The shaft is conveniently 
driven by a small electric motor or oil engine. 
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Fic. 6.—Apparatus for Agitation Test. 


Roasting Samples.—This is best accomplished in a large sized muffle in a 
shallow clay dish, preferably shaped to fit the bottom of the muffle, and having 
sides 1 inch deep. The roasting is conducted at a low red heat, which is 
gradually increased to a dull red near the end of the operation, and the ore 
requires constant rabbling, especially at first. On no account should the ore 
be heated sufficiently to melt the gold or to form particles of matte, for in 
the first mentioned case the gold takes a spherical form and becomes extremely 
slow in dissolving in the cyanide solution, and in the second case the gold is 
hardly dissolved at all. A piece of asbestos packing or some clean sand placed 
under the roasting dish will be found of service in regulating the bottom 
heat. 

The ore is weighed before roasting, and care must be taken that none is 
spilt during the operation. If weighed again after roasting, we get the loss 
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due to the presence of sulphides, arsenides, tellurides, and other volatile com- 
pounds. This should be noted and tabulated in the results of an investigation, 
as the quantity of these substances present may have some bearing on the 
results of extraction. 

The cost of roasting can only be estimated from operations on a large 
scale, and will naturally vary in different localities and with the style of 
furnace used. 

Size of Sample.—There is a tendency amongst chemists and metallurgists 
in testing samples of ore by cyanide to deal with too small a quantity, and 
thus magnify the range of experimental error. Thus it is not uncommon to 
find men who have been entrusted with investigations of importance dealing 
with 1 lb. of ore going 5 dwts. of gold to the ton ; that is to say, such a minute 
quantity as 0°0625 er. of gold. Even the most careful manipulator is sure to 
lose something, but that loss need not be much greater for a 10 lb. than for 
a 1 Ib. sample. 

A quantity of ore, which has been thoroughly mixed, should be taken 
sufficient for all necessary assays, cyanide tests, and re trials, say 100 to 400 
Ibs. It is better to err on the right side, and keep abundance of the sample 
on hand in case re-trials become necessary. The least amount of ore allowed 
for assays should be enough for four assays of originals and four of residues, 
of say 4 a.T. each, for each test. A convenient quantity for the cyanide test 
is =1, of a ton. When an ore is sized in the laboratory into three or more 
sizes it may be too long and tedious an operation to get such a quantity of 
some one size, in which case a smaller proportionate quantity of that size 
would be taken to save time. A sufficient quantity ought, when possible, to be 
kept on hand to meet contingencies. 
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Tue following are some of the more important tests to which an ore is 
subjected to determine whether or not it is suitable for cyanide treatment, and 
to ascertain the best methods of working and probable cost. The tests are 
divided into two classes, mechanical and chemical. 

Mechanical Tests.—It is not the intention in these tests to deal with the 
subject of crushing the ore, although much may be learned from the investiga- 
tions as to which method of crushing will be the best to adopt ultimately. 

The prepared sample may be delivered in the sampling room as rock, 
crushed ore, either wet or dry, or as tailings. 

The first operation is to examine the ore under a low magnifying micro- 
scope, and determine as far as practicable the physical state of the gold and 
silver and the associated minerals. Much may be learned by an experienced 
man and time often saved from such an examination. If the gold appears 
to have a smooth homogeneous surface, or appears as well defined crystals, it 
may be taken that the cyanide will, in all probability, dissolve only a small 
portion of it, and amalgamation will have to be resorted to if these gold 
particles are to be extracted. If, on the other hand, the gold is spongy or 
honeycombed in appearance, finely divided or invisible, it is possible it may be 
treated direct by cyanide. Then, again, the matrix may be of such a nature 
that crushing produces an excessive quantity of slime, as, for instance, when 
an ore is clayey or consists of certain schistose rocks; in which case wet 
crushing might produce, for the most part, a product impervious to the 
solution, while with dry crushing, leaching may become practicable with a 
larger percentage of the ore, or the ore may be quartz, and then either dry or 
wet crushing could be adopted. The decision would be influenced by the 
local conditions and the physical state in which the gold exists. When silver 
is present in a compound state, the microscope will often show which com- 
pound is acted on by the cyanide solution and which is not, and this informa- 
tion may lead to important results in treating silver ores. 

The presence of metallic mineral matter, such as sulphides of iron, copper, 
antimony, zinc, etc., arsenides and tellurides, should always be determined 
by the microscope, their systems of crystallisation and the minerals identified, 
as far as practicable, in every unknown ore. This examination may lead to 


important results bearing on the method of procedure in treating an ore, and 
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save much time in experimenting. Also in cases of failure it may indicate 
the cause, and methods of overcoming difficulties may be thereby suggested. 
The microscope will also sometimes assist in determining whether or not the 
coarse particles of gold are amalgamable before or after cyanide treatment. 

Amalgamation Test.—When an ore is to go through the amalgamation 
process it is usually crushed wet and amalgamated at the same time, leaving 
tailings to be treated by cyanide. But there are cases where an ore may be 
advantageously amalgamated after cyaniding, as, for instance, when much of 
the coarse gold is coated with sulphide films, as is often the case when the 
gold is found associated with stibnite and other sulphides. Such gold 
has a deeper colour than usual and amalgamates only. with great difficulty, 
but it often happens that these films are easily removed by cyanide, thus 
leaving the gold in a clean amalgamable state. Amalgamation after cyaniding 
necessitates greater expense than when the operation is conducted with the 
erushing, but it has the advantage that dry crushing can be adopted if 
desirable. Then, again, there are many cases where the gold exists in such a 
state that amalgamation either before or after crushing becomes unnecessary. 

It is usual in testing the sample to amalgamate before sizing, but the 
reverse order may sometimes be advantageously employed. The test in its 
simplest form consists in taking the weighed quantity of ore to be employed 
in the cyanide test and panning it with water in a prospecting pan, with an 
ounce or two of pure mercury. About 1 lb. of ore at a time is placed in the 
pan and panned in the usual way until the desired quantity is finished, and 
the whole of the tailings and water is washed into a vessel, preferably of 
enamelled iron or glazed earthenware. The mercury or amalgam is next 
carefully retorted, and this is conveniently done by putting it into a porcelain 
or smooth gold-annealing crucible, placed in a miniature retort over a 
regulated flame or in a muffle furnace. 

The resulting bead is melted with or without fluxes, and if necessary 
parted, then weighed and the results tabulated. The whole of the tailings 
and water is saved for the cyanide test. When it is not required to know 
the quantity of free gold present, much time is saved by simply streaming the 
ore over a well ‘set’ amalgamated plate before proceeding with other tests. 
We have then a product similar to that of ordinary tailings from the amalgama- 
tion process. F. Hille * suggests the use of a small ball mill as a convenient 
apparatus for crushing in making amalgamation tests. 

Sizing the Sample.—To make a cyanide test anything like complete, it is 
advisable to classify the ore according to the size of the particles, just as 
would be done on a full working scale. But it would be difficult, if not im- 
possible, to get a sized product on a small scale identical with that obtained 
on a working scale. However, an approximately similar classification may be 
got, either in the dry or wet way, which answers most purposes required for 
the investigation. 

- Sizing Dry.—This is done by passing a weighed portion of the material, 
* Eng. and Min. Jowr., p. 186, 1896. 
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after it has been dried at a temperature of 150° F., through a series of screens, 
say, for instance, 30-, 60- and 90-mesh. A covered set of ordinary assayers’ 
sieves, 9” to 12” diameter, answers the purpose, and by this method four sizes 
are obtainable in one operation. The quantity retained by each of the sieves 
and that which passed all the sieves is weighed separately and the per- 
centages noted. A portion of each size is taken for the assays, and other 
portions are weighed off for the cyanide tests. 

The sieves require careful cleaning after use, and this may be conveniently 
done by gently tapping the screens with a short stiff bristle brush. The first 
pound or two of the sample first sieved might generally be discarded, and the 
sieves again cleaned before proceeding with the remainder. A separate set of 
sieves should be kept for rich ores and concentrates. 

Table I. gives actual figures of a dry sizing test, and represents a convenient 
method of tabulating the results. 
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Remarks.—The ore is of quartzose nature, containing gold in a fine state 
of division. It was crushed dry in a ball mill and passed through a 20-mesh 
screen. The ore had not passed the amalgamation process. 

It may be noticed that the sums of the gold percentages are not exactly 
correct, there being in one case more and in the other cases less than one 
hundred. Some discrepancy of this kind may be expected, especially in 
dealing with an ore containing free gold. It is not advisable to adjust figures 
in such a case, but leave them for comparison with the results by the cyanide 
test. 

As a method of sizing an ore for leaching purposes, dry sieving does not 
give very satisfactory results, for an ore that just passes a 90- or 100-mesh 
screen gives a good leachable product, and for this reason only a rough idea of 
the quantity of slime present is obtained. The results, however, bring out 
the points that although crushed through a 20-mesh screen, about half the 
material in each case passed a 60-mesh screen, and that the material retained 
by the 30-mesh screen contained only 10 to 20 per cent. of the gold. It 
may be fairly assumed, pending further tests, that the ore has been crushed in 
each case sufficiently fine to liberate the gold. 
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Dry sizing with an air blast gives far more useful results than with sieves 
or screens, as the fine dust that. forms slime may be more perfectly separated 
from the leachable products. 

Table II. gives a case where dry sizing was done with an air blast on a 
large scale, and the results are tabulated in a similar manner to Table I. 


TaBLeE II. 
1st Size. 2nd Size. 3rd Size. 4th Size. Dust. 
Assay of 3 eee : cs ; 
7 igi . 23 a ~~ | e 6 >= 
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7 eo Value. = < +5 | Value. 3 & +5 | Value. = S =i Value. = @ 3°3 Value. 
s ae a BF | fai oe Sa Ole 8. | 3F 
g ar | HS | m4 le es Be | aS | Ae lus 
& |dwts. grs. pS dwts. grs.|2 5 aS dwts. grs.| 25 aS dwts. grs.| 5 AS dwts. grs. Ss As dwts. grs. 
1; 14 Bee LO 8 |13°8 20 13 9 | 26 38°2 | 14 5 (38°4/14 be 3 | 11 15°8 | 12 3 
} | 
VE a | 11 5°5 12 Hh A ee a 9 13 | 28°2 | 48°8| 6 13 | 438 18°3| 6 7\}16°6| 54] 4 3 
| | 
8} -5 22°) 9 6 GSILORS. 19°65 |) 5 Sa 1S:6r34°2 1 8 O | 46°2 | 22:3 1h Fe Q | 15°2 | 15 3 10 


Remarks.—Sample 1 is from schistose rock containing much mispickel. 
The gold was not discernible by the pan or by the microscope. None would 
amalgamate by the ordinary method of plates. Was crushed dry in a ball 
mill. Sample 2 is from quartzose rock from which 50 per cent. of the gold 
had been recovered by amalgamating over plates. Iron pyrites was present to 
the extent of about 2 per cent. Sample 3 is from quartzose rock containing 
clayey matter, iron oxide, and some pyrites. About 4 dwts. of gold per ton 
had been removed by amalgamating over plates. Both 2 and 3 were crushed 
wet with a stamp mill, dried and pulverised before sizing. Screens contained 
about 1000 holes to the square inch. 

The first three sizes were good leachable products, the fourth leached 
fairly well, but left behind much moisture after draining, and the dust would 
not leach at all. The amount of dust shown in the table was that contained 
in the fifth chamber together with that lost from all sources. The figures 
were obtained by difference from originals. 

It had been found that Nos. 1 and 3 could not be profitably treated by 


leaching before sizing, but by removing about 15 per cent. of the finer 


particles the remaining 85 per cent. gave a good leaching product. In the 
first case 13°6 per cent. of the gold remained in the dust and would probably 
pay to recover, while in the third case only 9°7 per cent. of the gold from a 
poor original would probably be unprofitable to extract. 

Sizing Wet.—In this case the ore is weighed undried, and the moisture 
is determined from a small sample and allowed for. 

The process of wet sizing is best carried out on samples in some form of 
elutriation apparatus, but it may be performed in a less perfect manner by 
means of a prospecting pan. The panning is done in the following manner :— 
A couple of handfuls of ore are placed in the pan at one time, and with a small 


Per cent. of 
Total Gold. 
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a 
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quantity of water is formed into puddle. The pan is then dipped into a large 
vessel and covered with clean water, is given a few quick semi-rotary move- 
ments, and at the same time gently lifted and tilted so that the light particles 
in suspension in the water flow over the edge of the pan. This operation is 
repeated several times until the light fine particles have escaped into the 
larger vessel, while the heavier and coarser particles are retained in the pan. 
This operation is again repeated on the ore which had escaped into the larger 
vessel, but in a more gentle manner, until the medium size particles are 
retained in the pan and the slimy matter has again passed into the larger 
vessel. The slime is then allowed to settle and the three sizes obtained. The 
method is slow and cumbersome, and no reliance can be placed on getting, 
even approximately, the same results in any two sets of operations. 

A much more satisfactory result is obtained by employing a small elutria- 
tion apparatus, as shown in fig. 7. This apparatus consists of three inverted 


Fic. 7.—Elutriation Apparatus for Sizing and Classifying Samples. 


hollow cones, having an angle of about 33° at their apexes, and having 
diameters of bases in the proportion of 1:2:4. Other proportions are not of 
much importance. The cones are covered by hollow conical pieces, and fitted 
with wide mouths and rubber stoppers. In the stopper of the first cone is 
inserted a short glass tube, to which, by a rubber tube, is connected a funnel. 

A is a clean water cistern, adjustable to different heights, and connected by 
means of a rubber tube a with a metal or glass tube b. This passes through a 
rubber stoppered tubulure o to the apex of the cone. A similar tube passes to 
the apex of each cone in the same manner, and a connecting tube c is inserted 
as shown to convey the water and particles of ore in suspension to the next 
cone. | 

The vessel A is adjusted to a suitable height and water is allowed to flow 
into it a little faster than it flows out through tube a, and is thus kept over- 
flowing. When the apparatus is filled with water a clip s is closed and a 
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small quantity of ore in the form of sludge is fed from the funnel into the 
first cone by loosening the spring clip p. pis then closed and s opened, and 
the water is allowed to flow from the cistern A until it is practically clear as it 
leaves the discharge pipe d. At the apex of each cone is-a short tube of 
rubber with a spring clip for the purpose of discharging the ore into separate 
vessels at intervals. The operation is repeated until a sufficient quantity of 
each size is collected. The fine and light particles flow into cistern D, where 
they are allowed to settle. The clear water having been syphoned off, 
the residue is next dealt with by again repeating the operation, but with a 
much reduced pressure of water at A. The pressure is in fact reduced to 
of the original. 

In this way seven sizes of an ore may be obtained ; and if each size is sub- 
mitted to a percolation test, we can readily find out the proportion of non- 
leachable product present, and in what sizes the gold and silver chiefly exists. 
Other factors may also be rendered apparent, as, for instance, whether or not 
the ore has been crushed sufficiently fine to liberate the gold and silver, and 
tests may be made on each size, by leaching with cyanide, to find out where 
the bulk of the metal remaining in residues is to be found. 

Table III. shows results of four tests on the same samples as Table L., but 
sized wet. 


TABLE III. 
Coarse. Medium. Slime. 
Assay of |- Sas = 
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Remarks.—These samples were sized in a prospecting pan. See remarks 
below Table I. 

In comparing the results of Tables I. and III., it may be noticed that 
Table I. shows that over 34 per cent. in each case passed the 90-mesh sieve 
and a large amount of slime might be anticipated, but Table III. corrects that 
impression by showing a minimum of 17-2 per cent. of slime in group d and a 
maximum of 25-6 per cent. in group a. These quantities of slime would most 
probably be still further reduced with more perfect sizing apparatus, such as 
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described above, and thus the quantity of ore capable of being dealt with by 
percolation increased. 

Percolation Test.—The next mechanical test is to determine what per- 
centage of ore is capable of being treated in leaching tanks and what quantity 
would have to be dealt with by other ways. The cost of leaching in tanks is 
less than by other means, and it is therefore advisable to treat the largest 
quantity practicable by this method. This maximum quantity is determined 
by first sizing a sample and testing each size separately, when the limit will be 
found at which percolation in tanks must cease. 

The rate of percolation is determined sometimes by the time the solution 
above the ore sinks to a certain depth ; thus, over 3 ins. per hour is good, 1} 
ins. per hour is fair, and # in. per hour bad. Less than # in. per hour is 
usually uneconomical. Louis Janin jr. says* that tailings from the Bremen 
Mill, Silver City, New Mexico, ground fine in pan amalgamation, leached at 
the rate of ;/, in. per hour, although aided by pump suction under the filter. 
He gives the rate for raw ores crushed dry by rolls through 20-mesh screen 
at 6 ins. per hour as a minimum. 

At Aspen, Colorado, in a Russell plant, the natural leaching rate was 13 
ins. per hour, reduced to 10 ins., however, after the ore had been washed.t 
The rate of percolation varies widely with ores of the same a being 
dependent largely on the method of charging the tanks. 

A better method than the above is to compare the porosity of the ore by 
comparing the quantity of moisture retained after draining. The greater the 
percentage of moisture retained, the smaller the porosity and the slower the 
percolation. In these tests the time allowed per foot of depth of tank should 
be that which could be economically given on a large scale. 

In some classes of ore the amount of slime is so small and of such a 
character that, when mixed evenly with the leaching products, it does not 
materially interfere with percolation or with the extraction of the metal. In 
such a case it might be most economical not to size at all. 

It is, however, generally advantageous to classify the ore into three sizes— 
coarse, medium, and slime ; and where the amount of slime is large, a fourth 
size may materially increase the quantity of ore capable of being dealt with 
in the leaching tanks. Slime may be defined as that ore which cannot be 
economically treated in the leaching tanks on account of the fineness of the 
particles. The next size should be of such a degree of fineness that after 
draining it would hold not more than 40 per cent. of moisture. 

To compare the porosity of the different. sized products the apparatus - 
shown in fig. 8 may be employed. A is a tube of 1 to 2 ins. diameter and 4 
or 5 ft. long, connected at its lower end to a measuring glass B by means of 
rubber tubing C. The tube A is filled to a mark, say 4 ft. from the bottom, 
with the ore, previously dried, and the net weight noted. A rubber stopper 
a fitted with a short length of glass tube serves as a means of connecting C. 


* Mineral Industry, vol. i. p. 253. 
+ Wm. S. Morse Prescott, Zrans. Am. Inst. Min, Eng., xxv. p. 148, 
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The hole is covered over with a piece of muslin to support the sand. The 
glass B and tube C are next filled to zero with a clean cyanide solution of 


working strength, and the zero mark 
is brought on the level of a. The 
cock T is then opened and B is very 
gradually raised until the solution 
in A rises to a point about 3 ins. 
above the ore surface and the solu- 
tion in 4 is on the same level. 
B and C are next lowered and 
allowed to lie on a sloping board 
D, which may be adjusted to any 
angle between horizontal and verti- 
cal according to the suction found 
desirable, and then maintained in 
the same position for any set of 
experiments. Time observations 
may then be made of the fall of 
the solution in A. Allow the ore 
to drain for as many minutes per 
foot of depth as would be employed 
on a large scale. Finally, discon- 
~nect C from a and weigh A to find 
the weight of moisture retained in 
the ore. The less the moisture 
retained the more suitable is the 


Fic. 8.—Apparatus for Testing the Porosity 
of Leaching Material. 


ore for treatment by percolation in tanks, leaving out, of course, the question 


of dissolution of the metal. 


Table IV. shows the results of a sample of ore which had been sized so as 
to reduce the quantity of slime to a minimum. 


TasueE IV. 
fof Per cent. of | Weight of Weight of | Moisture 
- Total Weight | Ore Dry of | Ore after |retained per Remarks. 
* jof OreSample.) Equal Bulks.| Draining. |cent. of Ore. 
I 31°4 1800 1881 4°5 ) 
2 18°2 1455 1556 7 | 
3 91°2 1605 1755 9:3 f Percolated freely. 
4 12 1226 1367 5 || 
5 8°2 1005 1148 14°2 Percolated 1 in. in 1} hours. 
\ Would not percolate in time 
P 3 ees i allowed. Ore loss 0°5 
7 3°5 902 per cent. 
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This ore was crushed dry and consisted of schistose rock containing 
arsenical pyrites. It was found too impervious to treat direct in the ordinary 
leaching tanks, but by close sizing 91 per cent. could be dealt with in this 
way. 

Decantation Tests.—These tests are very easily made by thoroughly 
agitating known weights of slime and dilute cyanide solution with different 
percentages of some coagulating substance, allowing the mixtures to stand, and 
comparing the depths or volumes of the sediments. Ordinary cylindrical 
measuring glasses of 1000 c.c. answer as the apparatus for these tests. Weigh 
off equal weights of slime, say five lots of 500 grms. each, and put each into a 
1000 ¢c.c. measuring glass together with different percentages of some coagulat- 
ing substance, such as lime, say 0°1, 0:2, 0:4, 0°6, 0°8 per cent., add a dilute 
cyanide solution, say 0°05 per cent., a little at first, and thoroughly agitate ; 
then fill up to the 1000 c.c. mark. Allow these to stand about three or four 
hours, taking care that the temperature remains constant, and note the depth of 
sediment in each case. The best percentage of lime is that which gives the 
greatest amount of clear solution for decantation. In some cases a maximum 
point is soon reached, whereas in others the most economical amount of lime 
has to be determined partly by cost. Beyond a certain amount of lime no 
advantage is derived, but often subsidence is retarded. 

Caustic lime is generally employed in the cyanide process, as it protects the 
eyanide, but it is not as good a coagulating substance as other compounds of 
calcium. Thus calcium carbonate (chalk) is often more rapid in its action and 
produces a more dense sediment, which is not so easily disturbed while de- 
canting as when the hydrate is used. (See Slimes.) 


CHAPTER IV 
PRELIMINARY INVESTIGATIONS, 
Section III. 


Chemical Tests.—The question of chemical testing has been somewhat 
elaborately treated by many able writers, but under this heading only those 
tests are dealt with here which are likely to be of use in the ordinary routine 
work in the cyanide process. 

Amongst the first chemical tests is the assay of ore, but this is now such a 
cut-and-dry subject that we need offer no apology for not reproducing what 
has been so exhaustively dealt with by many well known authorities.* 

It only remains for us to reiterate the opinions of W. Bettel, G. A. Darling, 
and others as to the importance of using a sufficiency of ore for the assay, say 
6 to 12 a.t., when dealing with poor ores, tailings, and residues, and this may 
in some cases be increased or duplicated. When accurate investigations are 
being made, the pulverising of the ore to pass a sieve of about 90-mesh ought 
to be insisted on, and three or four assays made from each sample should give 
approximately the same result. For daily assays of originals and residues, 
assays in duplicate that correspond closely are usually found sufficient. The 
originals may be of 4 to 8 a.r. and the residues of 6 to 12 a.r. For deter- 
minations of gold and silver in solutions, about 30 to 200 a.r. may be taken 
according to richness. Each sample is evaporated in a large porcelain dish, 
the bottom of which is covered with litharge. The residue, when quite dry, is 
completely scraped out. and fluxed, melted and cupelled. Crosse’s method, 
when only gold is to be determined, is preferred by some chemists, as large 
samples may be dealt with and much time saved. This consists in acidulating 
and boiling, and then adding silver nitrate or copper sulphate in excess to the 
cyanide solution, which precipitates practically the whole of the gold. The 
solution is then filtered and the precipitate dried, scorified, and cupelled. 

The object of using large quantities of material in assays is to get large 
beads for weighing, as a small bead magnifies the want of sensitiveness of the 
balance, whereas a larger one may increase the sensitiveness to a maximum. 
Thus 100 beads weighed separately on a fairly sensitive balance and added 
together showed an average ore of 19 grs. per ton, but when all the beads were 
weighed together it showed that the ore averaged 12°5 grs. per ton. It is 
therefore incumbent on the assayer to take large charges of ore, so that the 

* See The Metallurgy of Gold, by T. K. Rose. Handbook on Gold Milling by Henry 
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beads may be as near as practicable of such weights as will give a maximum 
sensitiveness to the balance. It must be remembered also that there is always 
a loss in each stage of the assay—potting, cupelling, and parting—which is 
more or less unavoidable, and undoubtedly the percentage loss is greater with 
small beads than with larger ones. Another matter of importance is the size 
of the crucible. This should in all cases be sufficiently large to reduce to a 
minimum the risk of boiling over. 

Testing the Cyanide Solution.—This is usually done by the well known 
method of adding to a measured quantity of the solution silver nitrate of a 
standard strength from a burette, drop by drop, until a whitish or opalescent 
turbidity just appears. 

The standard AgNO, is usually made by dissolving 13°04 grms. of the 
re-crystallised salt in 1 litre of distilled water for testing strong cyanide solu- 
tions, and half that strength for weak solutions. 

Then for strong solutions every 


0‘l ac, AgNO, added to 10 cc. KCy=0°01 % KCy, 


or for weak solutions every 
1c.c. AgNO, added to 50 KCy=0°01 % KUy. 


This method is simple and works well with pure KCy, but with commercial 
cyanide, which contains varying quantities of NaCy and other compounds ~ 
besides KCy, the estimation is unreliable. Further, when a solution has been 
in use some time, and more particularly when zinc precipitation has been 
employed, it becomes of a very complex nature, and the end reaction of the 
titration is so indefinite that no reliance can be put on the results. To over- 
come this difficulty the test has been modified for impure solutions by the 
addition of a few drops of strong potassium iodide as an indicator, which gives 
more definite end reactions, and answers in a rough way for determining 
relatively the strength of the solution ; that is, all the cyanides present which 
have any solvent action on gold. 

J. E. Clennell,* who has dealt with this subject exhaustively, points out 
that “the test should always be made in precisely the same manner.” This is 
owing to the fact that the results are of a relative rather than of an absolute 
nature. The solution to be tested is measured in a graduated cylinder or in a 
pipette, say 50 c.c., and to this is added 5 c.c. of the indicator, made by dis- 
solving 10 grms. KI and 40 grms. NaOH in 1 litre of water. ‘The liquid is 
titrated with standard silver nitrate (6:519 grms. per litre) until a distinct 
yellow coloration is obtained, disregarding any white turbidity. This latter 
may sometimes be removed by adding ammonia, which, in moderate amounts, 
does not affect the accuracy of the test— 


lc.c. of AgNO, used= 01 % KCy (equiv. to ‘ total cyanide ’).” 


It must, however, be understood that there is no relation between the 
‘total cyanide’ found present and the dissolving action of the solution on gold 


* Trans. Inst. Min. and Met., May 1903. 
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and silver. For this reason two different solutions, containing, by the test, 
the same quantity of cyanide, may have very different dissolving effects. 

Turbid solutions that are not cleared by simply filtering through paper 
are usually cleared by the addition of caustic lime. This treatment, however, 
more or less affects the results. 

Testing the Solution for Alkali—It is of great practical importance to 
have an excess of alkali in the working solutions. This is of service in assist- 
ing the dissolution of the gold and silver, and in protecting the cyanide from 
decomposing by ‘acid’ in the ore or carbonic acid in the air. 

The alkali test as given by Clennell * “is done (accurately in absence of 
zinc) by adding silver nitrate till a slight turbidity is produced, adding 
phenolphthalein to this turbid solution, and titrating without filtering with 
qo acid.” When zine is present L. M. Green’s + method is used, which con- 
sists in adding an excess of potassium ferrocyanide before titrating with the 
silver nitrate. 

Determination of Alkali Consumption.—Gold and silver ores usually 
contain what is technically termed ‘acid,’ t.e. products of oxidation of 
sulphides, arsenides, etc., being a mixture of compounds soluble and insoluble 
in water, which have the properties of neutralising alkalies and rendering the 
cyanide unavailable for dissolving gold and silver. When an ore has been 
crushed and allowed to be acted on by moisture and the atmosphere, or when 
an ore is taken from a partially oxidised zone in the mine, it is often found to 
contain so much soluble ‘acid’ as to be readily indicated by litmus. In such 
a case it may or may not be economical to wash the ore with clean water 
before treatment with the cyanide solution. The acid is, however, usually 
neutralised by an alkali before adding the cyanide solution. 

A suitable method of determining the quantity of alkali neutralised by the 
soluble acid is that given by H. Van F. Furman.t “ Agitate 10 grammes of the 
pulp for ten minutes with 50 c.c. of water; filter, and test the filtrate with 
litmus paper for acidity. Should acidity be shown, wash the ore until the 
washings no longer give an acid reaction when tested with litmus paper. 
Now titrate the total filtrate with decinormal caustic soda solution until the 
neutral point is observed, using litmus as an indicator.” 

# 


3 Re aes = NaOH on 10 grms. ore=0°88 lb, of NaOH per long ton 


=r 10. + ym OTE: 


10 grms. of ore is rather a small quantity, and might advantageously be 
increased to 100 or 200 grms. 

A more practical method is to employ a standard solution of such a 
strength that decimals of a pound per ton may be read off the burette without 


* Trans. Inst. Min. and Met., May 1908. 
+ Ibid,, vol. x. p. 29 et seq. 
t Trans. Am. Inst. Min. Eng., 1896. 
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calculation. Such a method has been suggested by Feldtmann as follows :— 
Make a standard solution containing 1 per cent. of NaOH. 


Weigh off 224 grms. of ore for a long ton. 


Oe a 1) DOLE See 


Then to total filtrate add the standard solution 
lc.c. 1 per cent. NaOH solution=0°1 Ib. NaOH per ton, 


In this way it may be determined whether or not the cost of washing the 
ore is going to be compensated for by the saving in alkali. It is generally a 
problematical question, for the ore is sure to consume a large quantity of 
alkali, even after the most careful washing. 

When an ore has been washed, or when it is treated direct, the total alkali 
required may be determined (1) in terms of caustic soda, (2) in terms of lime, 
as follows :— 

(1) Place ;4, of a ton of the ore in a filter jar, fig. 5, page 15. Pass 
through the ore one-third of its weight of a 3 per cent. caustic soda solution, 
next add two-thirds its weight of water. This makes a solution of equal 
weight to the ore and averaging 1 per cent. Thoroughly agitate the filtrate 
and put 224 or 200 ¢.c. into a boiling flask and titrate with standard sulphuric 
acid, using methyl orange as an indicator. 


Alkali in 1 per cent. solution=22°4 lbs. per long ton. 
a 3 =20 Ibs. — ,)> Suareee. 


Make the standard sulphuric acid containing 12°25 grms. per 1000 c.c. 
(or 1°23 per cent.). 
1c.c. H,SO,=0°1 Ib. NaOH per ton of ore, 
Let x= Number of c.c. H,SO, required to neutralise 224 c.c. NaOH. 
Ce 9 2 ” 200 5, 45 
Total alkali loss =22°4 - x (0°1) lbs. per long ton, 
mi a = 20 —y(0°1) Ibs. |, short: 


The total alkali loss is that which combined with the ‘acid’ of the ore 
together with that which remained ‘adsorbed’ after washing. The above test 
gives about what may be expected to be consumed on a working scale. 

(2) It is more advantageous to employ lime instead of caustic soda as a 
neutralising agent, when obtainable at a reasonable price. The latter has much 
less power to coagulate colloidal precipitates, present in many ores, than lime ; 
and although these precipitates may not interfere appreciably with the 
dissolution of the gold, they usually become troublesome in the precipitation 
boxes. Sometimes, also, when caustic soda is used, these colloids become 
unstable in the solution at different stages and retard percolation. On the 
other hand, lime has the property of precipitating these colloids in such a 
state as not to interfere with percolation. 

The most suitable quantity of lime is determined in the following manner: 
first in a preliminary way, and afterwards by a more exact method. 
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Weigh off a number of equal samples of ore, say four of 200 to 300 grms., 
and add to each a different proportion of lime, say 0°1, 0:2, 0:4, 0°8 per cent. 
Mix thoroughly, place in flasks, then add to each sample equal measures of 
cyanide solution, say 200 c.c. of 0°2 per cent., and agitate, at intervals of ten 
minutes, for one hour, filter a portion of each solution, and test for cyanide (page 
28). These results should show approximately the quantity of lime to use, 
for beyond a certain amount no saving in cyanide will be effected. 

The amount of lime required may be more accurately determined as 
follows :—The preliminary test having shown where the saving in cyanide 
stopped, say, for instance, between 0-2 and 0:4 per cent., take three samples of 
the ore, each 7%, of a ton, thoroughly mix with 0:25, 0°3, and 0°35 per cent. 
of lime, place in filter jars and run on 0:2 per cent. cyanide solution one- 
third weight of ore, without addition of alkali. Put the solution through a 
second time and test for cyanide. The results should indicate about the 
least quantity of lime necessary. 

It must be remembered that when an ore is sized, each size should be 
tested separately, as the finer the ore the greater is the quantity of alkali and 
cyanide consumed. (See chapter on Slimes.) 

When making tests on pyritic slimes, the moist material should be used 
without drying, because, as pointed out by W. A. Caldecott,* the process of 
drying oxidises the reducing substances present, and thus effectually vitiates 
the test. The quantity of dry slime in the moist material can be calculated 
by the following equation t when the specific gravities of the dry slime and 
of the pulp are known. 


Let s=specific gravity of dry slime. 
a=specific gravity of pulp found by weighing equal volumes of water and pulp. 
P=percentage by weight of dry slimes in pulp. 
Then pa 
Slimes are tested in a small agitating apparatus, fig. 6, page 16. 
This is done by agitating a weighed quantity of slime with about twice its 
weight of water, and adding at intervals of about ten minutes the alkali 
or lime in small percentages until neutral to litmus paper. At a slight 
excess beyond this point note the amount required, next add a known weight 
of solid cyanide or strong solution, agitate well, filter a portion of the pulp, 
test the filtrate, and note the loss. Other samples may be tested in the 
same way, with a greater or less amount of lime or alkali and the same 
quantity of cyanide, for comparison. There will always be a loss in cyanide 
due to other causes than acidity, which need not be gone into here. (See 
chapter on Slimes.) 
Magnesia may be used in place of lime, but a larger quantity must be 
employed. It has, however, certain advantages over lime in some cases. 


* Jour. Chem. and Met. Soc. of S. Africa, July 17, 1897. 
+ W. A. Caldecott, zbid., vol. i. No. 3. 
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Oxidation of Ore Test.—Much saving in alkali and cyanide may some- 
times be obtained by oxidising the ferrous oxides to ferric oxides, by means 
of air or an oxidising agent, before applying the cyanide solution. An 
apparatus for testing samples by oxidising with air is shown in fig. 9. 
A is an ordinary filter jar containing the sample of ore (G5 tons). This jar 

is connected by a glass tube with one mouth 

of a Wolff bottle B, and the other mouth is 

connected by an iron tube with a cask C, of 40 

to 60 gallons. The cask is placed at a level 

below the filter jar and is filled with water. 

The tap D is next opened and the water is 

allowed to escape at a known rate into a 
measuring vessel. A measurable volume of air 
is thus drawn through a known weight of ore 
in a known time. The ore is sprayed at inter- 
vals with a dilute alkaline solution of known 
quantity, which is caught in the Wolff bottle to 
be tested and the loss noted. A cyanide solu- 
tion of 0:2 per cent. is then passed through the 
® ore and the loss noted. This is compared with 
Faton Ape ne ew ge oe another sample of the same ore, ireated direct 
the Oxidising ieee oe with alkali and cyanide, and the costs in both 

on Samples. cases estimated. 

Another method of reducing the consump- 
tion of cyanide is to run a dilute solution of an oxidising agent through the 
ore before adding the cyanide solution. 

Sodium peroxide is a suitable oxidising agent for this purpose. If the 
ore is first treated with a dilute alkaline solution and afterwards with a 
dilute solution of an oxidising agent, as potassium permanganate or ferri- 
cyanide, a saving in cyanide is effected. The most economical strength of such 
solutions can only be found by experiment on ores with different strengths 
of solution, results noted, and costs estimated. 

Ore treated by agitation may have the consumption of cyanide greatly 
reduced by blowing air into the pulp at the centre of the tank near its 
bottom, and adding at intervals small quantities of lime or alkali before 
adding the cyanide. Oxidising agents may also be used instead of air by 
adding small quantities at intervals before the cyanide. 

Gold and Silver Dissolving Test.—A test of great importance is to 
determine how much of the gold and silver in an ore is capable of being 
dissolved by the cyanide solution in a given time. This naturally varies 
with the form and character of the gold and silver, the mineral constituents 
of the ore, the size of the ore particles, and strength and impurities of the 
solution. 

The test is best conducted in the same manner as on a large scale, 
adhering to the various factors in the working of the process as closely as 
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practicable. Size of plant undoubtedly has some influence on the dissolving 
of the metals, but this is not sufficient to interfere with the value of a test 
on a small scale. One often hears it asserted that the extraction on a large 
scale gives higher results than on a small scale, but this is doubtful if the 
conditions are similar. We have generally got better extractions on a small 
scale, and this is what may be expected, as the operations are more under 
control. 

A small stoneware filter jar 10 in. deep and 7 in. diameter, and three 
or four similar sized jars as sumps, shown in fig. 5, page 15, answer very well 
for these tests. The filter jar is charged with ore (;35 ton), and the acid 
having been neutralised, 7 lbs. of strong solution of, say, 0-2 per cent. KCy 
is run on, and a portion is immediately run off until the solution and the 
ore are on the same level, the balance being allowed to remain in contact, 
say, twenty hours. This is next drained off slowly into its sump, allowing four 
hours. A weak solution, say 6 Ibs. of 0-05 per cent., is next run on, a portion 
being drawn off immediately and run into the strong solution sump until 
equal in quantity to the strong solution originally applied. Contact is 
again allowed of twenty hours, and four hours for drawing off. A water 
wash of 7 lbs. is finally run on, and in an hour or two as much is drawn off 
into the weak solution sump as makes this solution equal in quantity to 
that originally applied. The water wash may then be allowed to run off 
immediately, but slowly, so as to take, say, twenty-four hours from the time 
of applying. 

The total quantity of the three. solutions used varies very much in 
practice, from 4 to 14 times the weight of the ore, and the same proportion 
should be adhered to in small tests as would be used on a working scale. 
The time, also, of running off the solutions should be regulated so as to 
be approximately the same as on a large scale. The above is only one of 
a great many different combinations in the method of procedure, and these 
may be modified and varied to a great extent, often with advantage. It is 
well, however, in making any variation to vary only one factor at a time. 

When each sump has its full complement of solution returned, it is tested 
for cyanide and the percentage noted. This is compared with the original 
solution, and the loss in cyanide determined in pounds per ton of ore treated. 
The ore residue is next assayed, and the sump solutions are evaporated to 
dryness and the metal extracted and weighed. The weight of bullion obtained 
multiplied by 100 gives the weight extracted per ton. 

The ore residue may be again treated in the same manner, or with stronger 
or weaker solutions, to determine whether a larger percentage of the gold 
and silver is capable of being dissolved out. When this is the case the 
method of procedure may be varied until a maximum extraction is obtainable 
in a given time, with a given proportion of solution and with a minimum 
loss of cyanide. 

A complete record of the method of procedure should be kept, and the 
results tabulated in some convenient form as on the next page. 
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A large space should be left for remarks and comments, and all observations, 
if recorded concisely, may be found of great service in other experiments 
on the same ore, or when working on a full sized scale. It is highly desirable 
when practicable to make tests, also, with solutions that have been in use for 
some time, in treating similar ore to that being tested. But if zine precipita- 
tion has been in use, a difficulty is experienced in testing the strength of 
the solution for making comparisons (see page 28). 

A great many tests must be made on an ore to determine the most 
economical and efficient method of proceeding, and these might be very widely 
varied with regard to time of treatment, quantity and strength of the cyanide 
solution, and the mechanical texture of the ore. | 

In the practical working of the process it is also of importance to make 
frequent tests on samples of the residues, with a view to determining the 
quantity of dissolved gold and silver present, and the quantity capable of 


being dissolved by longer treatment, or by varying the strength of the 
solution. 


If the ore has not been sized, it would be instructive to size a sample of 
the residues and determine in what size the gold or silver chiefly exists. 
The following is a case in point given by G. A. Goyder.* A sample of 
cyanide residue containing 1 dwt. 13 grs. per ton of 2240 lbs. was treated 


* Chemical News, Aug. 23, 1895 
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for forty-eight hours by continuous percolation and 8 ers. were extracted. 
This residue, containing 1 dwt. 5 grs., was dried and sized into three sizes 
by sieving as follows :— 


Retained on 30-mesh= 2 per cent. assayed, 8 dwts. 3 grs. per 2240 lbs, 
3 », 60-mesh= 29 sigan pag re . 
Passed 60-mesh = 69 Qui il » ” 


23 o. 


29 99 


From this it is calculated that the coarse particles in a ton of ore weighed 
45 lbs. and contained 3 grs. of gold ; the medium, 650 lbs., contained 17 grs. ; 
and the fine, 1545 lbs., contained 11 grs. 

Here we get a problematical question. It may be assumed that if the 
2 per cent. of coarse particles were crushed to pass a 30-mesh, the residue 
would contain only 2 dwts. 7 grs. per ton, while if crushed to pass a 60-mesh 
the residue would contain only 14 grs. per ton. If the ore before cyaniding 
had been sized into three sizes as above, we should have had only 45 lbs. 
to crush in every ton treated to pass a 30-mesh for 5 dwts. 20 grs. per ton, 
and if crushed to pass a 60-mesh, for 6 dwts. 13 grs. per ton. Again, with the 
medium size we should have to crush 650 lbs. in every ton treated to pass 
a 60-mesh for 1 dwt. 17 grs. It is probable it would pay to re-crush the 
45 lbs. per ton, and under favourable conditions it might even pay to re-crush 
the 650 lbs. per ton and re-size. Much will depend upon the increase in the 
production of slime, but in a well designed sizing plant the quantity of 
unleachable slime formed need generally be very small. There are, of course, 
exceptional cases, such as when the ore consists largely of schistose rock, 
when the quantity of slime produced is excessive. 

In another case a sample of original ore was carefully sized in the wet 
way into four sizes, and each size was tested by itself, as described page 21 
with the following results :— 


ce TABLE VI. 


Assay of | Assay of 


ee : Hours’ 
Material Originals, | Residues, Gonsct 5 . 
Class. per cent, itr with emarks, 
KCy. 
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Coarse, 4 15 Hi 3) 4 13 iz 
Medium, "4 40 4 Eee! 3 50 Ton—2000 lbs, 
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; : | Percentage of slime found 
| Slime, . : : 5 Ria 7 10,11 0 16 pe EHP ch 


In the first three cases the ore was treated by percolation, and the time 
given includes draining. The slime was treated by agitation, and includes 
time of settling and decanting. 
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Here we have 15 per cent. or 300 lbs. of coarse particles to re-crush to 
medium size for 3 dwts. 10 grs. per ton; and to the fine size, for 3 dwts. 
19 grs. per ton; while if all was turned into slime, we should get only 3 dwts. 
13 grs. per ton, and at an additional cost. 

It was next decided to continuously re-crush the 15 per cent. of coarse 
material and return it to the classifiers to be sized with the original ore. 
This left only three sizes to be treated by cyanide, when the results obtained 
were as follows :— 


Tape VII. 


Assay of | Assay of epee 


ee stg al Se , Residues, CG onta ie , 
dwts. grs.|dwts.  grs. see 
Coarse, : Le LD : 10 19 | es pe Percentage assumed, 
Medium, 7° 7°!) 88°89 Ga). 1a 4| 50 
Fine, . : . 1 36 9 7 ule 19 50 
Slime, . : peel | 7 9} 0 22 16 


Thus, in this case it may be seen that it was a decided advantage to 
size and re-crush the coarse particles and distribute amongst the three other 
SIZeS. 

It is noteworthy that the coarse particles from the small classifier are 
not usually so liable to crush to slime as the original ore. The increase in 
the quantity of slime was only 1:2 per cent., so that the increase in cost of 
treatment from this source is immaterial. The chief additional cost is in 
the re-crushing and re-handling, but this cost per ton, with a 
well arranged plant, should not exceed the cost of crushing the 
original ore per ton. 

Agitation Test.—Agitation is chiefly employed for the 
purpose of treating slimes; and as the cost of treatment by 
this method is greater than by percolation, our aim in crushing 


A 


is to produce as small a quantity of non-leachable material as 
possible. There are, however, cases where the whole of certain 
rich refractory ores have been treated more advantageously 
by agitation than by percolation. 

A suitable plant for laboratory tests is described and 
illustrated on page 16 and in fig. 6. A usual method of 
procedure is as follows :— 

The ore having been neutralised, as described on page 31, the cyanide is added 
gradually until the strength remains nearly constant (say 0° 007 to 0-01, and con- 
tains about two to four parts of solution to one of dry slime). In treating 
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slimes in the laboratory, agitation of two to four hours is generally sufficient, 
and samples are taken at intervals of say 2, 24, 3, and 34 hours ; these are washed 
with a superabundance of air-free water, filtered, dried, and ore assayed. 
The samples should be taken from near the bottom of the tank without 
stopping agitation. This is conveniently done by means of a syphon shown in 
fig. 10. One leg of the syphon is inserted into the mass of ore and the rubber 
ball A is squeezed. The end of the other leg is covered with the finger and 
kept air-tight, when on loosening A the pulp rises, and on removing the finger 
a steady flow escapes. The first portion taken should be returned to the tank. 

Coarse or medium ore is treated in the same way as slime, except that it 
may require stronger cyanide solution. 

Table VIII. gives the results of treatment of a sample of mispickel slimy 
sand that could not be treated by percolation, and presents a convenient method 
of tabulating the figures. 

Weight of ore taken, 1000 lbs, dry. 
=“ water 400 lbs, 
see lime 3°6 lbs. 


rs; caustic soda 0°1 lb, 
9 potassium cyanide 0°2 Ib. 


800 Ibs. per ton ore. 
V2 AVSte ; 
Obs lee, ; 
0:4:1by 25; # 


TaBie. VIII. 


Assay of original ore, 6 dwts. gold, 3°3 dwts. silver. 


Assay of Residues : 
; : in dwts. Gol 
orale roe _| extracted Remarks. 
5 : os per cent, 
Gold. Silver. 
0°25 0°04 4°25 2'9 29 KCy decomposed 0°04 lb. 
0°5 0°05 3°41 2°32 43 Added 0°04 Ib. KCy. 
0°75 0°05 2°9 2°24 51°7 
1 0°05 2°32 2°25 58 
1°5 0°05 12 2°2 68°3 
2 0°05 1°62 2°2 73 Per cent. KCy. indefinite. 
3 0°05 1°5 2°21 75 
4 0°05 1°52 272 75°3 Added 0°04 lb, KCy. 
5 0°055 1°2 1°95 80 
6 0°055 12 1°95 80 


The cyanide used for 3 hours’ treatment = 0°24 1b, =0°48 lb. per ton ore. 
5 sp * = 0°28 lb. =0°56 Ib, - 


99 9? 


From the above experiment it is evident that a six hours’ treatment is un- 
called for, and it seems improbable that longer than two or three hours’ treat- 
ment would be desirable. The difference in the extraction between three and 
five hours is only 0°3 dwt., or about 1s. 3d. (30 cts.) per ton. Then, again, 
there is only 0:12 dwt. or 6d. (12 cts.) extracted between two hours’ and three 
hours’ treatment. It must also be taken into account that time has to be 
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allowed for separation of the solution from the solid particles by filtration, or 
settling and decanting, and while this operation is proceeding the metal is still 
being acted on by free cyanide. 

Since the addition of 0:04 lb. of KCy at the end of the fourth hour caused 
a higher extraction, it might be beneficial to add it earlier, say at the end of 1°5 
hours, and then finish the treatment at the end of two hours. The time of 
treatment must depend very much on the cost of power and a number of other 
factors, which vary with local conditions. Experiments of this class have to be 
very varied and exhaustive to get a maximum extraction at a minimum cost. 

It is noteworthy that the proportion of solution to ore was 2 to 5, but if a 
larger amount of solution had been added, so as to make the pulp thinner, the 
time necessary to get an equally good extraction would be less. This is a 
matter that will be dealt with under dissolution of gold and silver in slimes. 


CHAPTER V. 
CRUSHING TO CYANIDE 


THE object aimed at is to break the ore into particles of such size as will leave 
the gold and silver capable of coming into contact with the cyanide solution. 
This end is attained by fine pulverising, and much may be learnt by examining 
the grains under a low power microscope to determine the minimum degree of 
fineness necessary ; a point which, however, must ultimately be decided from 
empirical results by testing with cyanide solution. The more finely the ore is 
crushed the more perfectly does the gold and silver dissolve, but if crushed too 
fine an excess of slime or dust forms, which interferes with the separation of 
the dissolved gold and silver and causes an increase in the consumption of 
eyanide. If crushed too coarse, a large percentage of the gold and silver 
remains locked up and is not dissolved, but that portion which does dissolve 
may be separated, more or less readily. Under no circumstances can we 
crush an ore to one uniform size, but our aim should be to crush so as to get 
a maximum number of those particles that give the highest extraction at the 
lowest cost. This can be found only by experiments. 

The size to which an ore has been crushed for the best results naturally 
varies with the character of the ore, and with the minerals which are intimately 
associated with the precious metals. Thus at the Mercur mine, Utah, where 
the ore is of a porous nature, particles of half inch or larger are treated for the 
best results, while in Western Australia the sulpho-tellurides are crushed to a 
fine powder in order that the gold may be dissolved out by the cyanide. Some- 
times oxidised ore mined near the surface disintegrates or cleaves readily along 
lines containing the precious metals, in which case only very coarse crushing is 
necessary to give the most economical results. It is, however, desirable in 
most cases to crush so that the whole of the ore will pass at least a 30-mesh 
screen, and produce as small a quantity as possible of slime or dust. 

Then, again, in many cases it is advantageous to crush wet, while in. 
other cases dry crushing is found more beneficial. Local conditions and the 
nature of the ore have chiefly to do with the choice of methods, and it is only 
by systematic experiments on a commercial scale that the most economical 
means and the best degree of fineness can be determined. 

Dry and Wet Crushing.—The advantages and disadvantages of dry and 
wet crushing have been discussed at considerable length by many able 
authorities, since the inception of the cyanide process. Perhaps too much has 


been said by the advocates of each system to disparage the other. 
39 
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The chief points for comparison are— 
1. First cost of plants per ton capacity. 
2. Total cost of crushing, including interest on cost of plant and 
redemption. 
. Percentages of slime or dust produced. 
. Costs of sizing. 
. Losses through dusting or sliming. 
. Percolation and leaching of products. 
. Consumption of cyanide. 
. Facilities offered for controlling operations. 

ie The cost of rolls or ball mills per ton capacity is probably lower at every 
gold-mining centre than stamp mills and wet crushing. But when stamp mills 
crushing wet and dry are compared, the former are undoubtedly the cheaper. 
Of course, where small and uncertain bodies of ore are to be dealt with, the 
factor ‘capacity’ is not necessarily taken into account. The first cost 
becomes then the item of chief importance, and ball mills with some simple 
form of dryer are generally found preferable. 

2. There is a consensus of opinion amongst mining men, experienced in 
both methods of crushing, that the total cost per ton crushed is less with rolls 
or ball mills where the ore can be cheaply dried, but where the ore is wet and 
fuel is expensive the item for drying the ore may be so great as to make dry 
crushing prohibitive. 

3. In crushing dry, the percentage of dust incapable of being leached in tanks 
in the ordinary way may exceed the percentage of slime produced in crushing 
the same ore wet, but the reverse is often the case. We have known an ore 
crushed dry in a ball mill, and when sized in four spitzlutten the unleachable 
slime passing away equalled 12 per cent. of the original ore, whereas when the 
same ore was crushed wet in a stamp mill the unleachable slime was about 9 per 
cent. In both cases the screens were the same size, viz., 30-mesh, but with 
the dry mill, when 20-mesh screens were used and the coarse particles re-crushed 
through a 30-mesh, the amount of slime diminished and the output increased. 
It seems probable the same thing would have happened with a stamp battery 
crushing wet. 


COTS Ot ~ 


In another case, where an ore was crushed wet through a 30-mesh screen in 
a stamp mill with a discharge three inches high, the slime produced was about 11 
per cent., whereas the same ore crushed by the same stamp mill with a discharge 
twelve inches high produced a product which contained 38 per cent. slime. The 
results obtained from a two months’ trial in each case are tabulated in Table IX. 

From this it will be seen that in the attempt to get a higher extraction by 
use of a chock block in amalgamation the percentage of slime was largely in-- 
creased, and also enriched with gold, showing, in fact, for an increase of 22 dwts. 
of gold per 100 tons crushed, the increase of gold brought into the slime was 
182°2 dwts. Here we are likely to find a net loss, apart from the increased 
cost of crushing, as the profit on slimes is usually less than on sands. There 
was, however, in the first case about 24 tons of coarse material to 1 ton in the 
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TaBiE [X. 
| | 
Gold amal- Assay of Gold Gold in 
. gamated . amalgamated| Slimes per 

Bee Bos See eat of| Per Ton. pune. per 100 Tons.| 100 Tons Ore. 
EE hs per Day. Ore. |_| |] $< } ——_—_—___ | 

dwts. | dwts. dwts. dwts. 

3” 5°6 11 5°7 5°2 570 57°2 

ad 3 38 5°92 6°3 592 239°4 


second case taken from the first spitzlutte. This required re-crushing to get 
the best results by cyanide. 

4. Particulars of comparison between the cost of sizing dry and wet are 
wanting, but it is improbable that in well arranged plants, in either case, the 
cost would be a serious item. 

5. Even in the best designed plants, when handling the ore, drying, 
crushing, roasting, or sizing, either with the dry or wet methods of crushing, 
unavoidable loss always occurs. Loss by sliming in the wet process is in most 
cases greater than the dusting in the dry, but the assay value of the dry dust 
nearly always exceeds that of the wet slime. This is a matter of importance 
which has to be gone into in drawing the comparison, as the actual loss in 
precious metal varies very widely with the plant adopted, and to some extent 
with the ore. The loss of gold and silver from this cause is generally 
approximately proportional to the quantity of pyrites or other metallic mineral 
matter in the ore, and not to the assay value of the ore. It is well known 
that in dry crushing, the finer the dust that escapes the higher is the assay 
value, while with wet crushing this is seldom the case. 

6. When an ore is crushed wet and sized, clean leachable products may be 
obtained, which have been washed in the process free from soluble ‘acid.’ 
The consumption of cyanide is thus reduced to a minimum, and the solution 
flows easily through the whole mass, wetting all the particles evenly, but the 
moisture in the ore has the effect of decreasing the strength of the solution. 
When the ore is dry crushed the solution is not weakened in the same way, 
but soluble acid is retained, which may appreciably increase the consumption 
of cyanide. If crushed dry and treated unsized, a difficulty is often 
experienced in wetting the particles evenly. This may be reduced to a con- 
siderable extent by first sizing. 

Many ores crushed dry in a moist atmosphere have to be treated 
immediately, as ores are generally hygroscopic, and readily oxidise the sulphides, 
etc., forming basic salts that react with cyanide. This action may, however, 
be retarded by spraying the ore, as crushed, with lime water, dilute alkali, or 
cyanide solution until it contains about 4 per cent. moisture. 

7. Some ores, when crushed dry, consume such an excessive quantity of 
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cyanide that washing before treatment has to be resorted to. When this is the 
case, it is preferable to size the ore wet. By crushing wet, the washing is 
performed in the one operation. On the other hand, there are ores that when 
crushed wet or dry cause no appreciable difference in the consumption of 
cyanide. With wet crushing, the cyanide solutions often increase beyond the 
capacity of the sumps, and a portion has to be run away, which means a loss 
in cyanide, and possibly of gold also. In cyaniding dry crushed ore this does 
not occur. 

8. One of the great advantages of dry over wet crushing is the facility it 
offers for controlling the weight of material treated, and the sampling. The 
weight is usually determined from bulk ; and when an ore is dry, the weight by 
bulk remains practically constant for the same sized particles, but when wet, 
the weight by bulk may vary considerably, even as much as 40 per cent. 
Thus a certain ore that occupied only 19°6 c. ft. to the ton when dry, took, 
when moistened with 4°8 per cent. water, 27 c. ft. to make a ton after allow- 
ing for moisture. In another case, an ore that required 20°4 c. ft. to the ton 
when dry, required with 7 per cent. moisture 24:2 c. ft. When, however, an 
ore is crushed wet, sized, and charged direct into the tank, the weight by bulk 
remains practically constant for each size. In sampling wet a great deal of 
trouble is experienced, but in the case of dry ore the sampling may be con- 
ducted with great ease and accuracy. 

We cannot have one ideal system of crushing, because we have so many 
different conditions to meet. What would be an ideal system in one locality may 
be quite unsuitable, even on similar ore, in another locality ; and it too often © 
happens that a system which was highly suitable in one district in the case 
of one class of ore, is blindly followed in another without regard to a change 
of conditions. Much money might often be saved and disappointment averted 
by the erection of several small plants of the most likely systems, to give the 
best products for cyaniding before adopting any particular system of crushing 
on a large scale. 

Perhaps the ideal system of crushing to meet any given set of conditions 
will be found in a combination of both wet and dry methods, and in a greater 
combination of different appliances than are usually employed. The two pro- 
cesses of crushing to amalgamate and crushing to cyanide are so antagonistic 
to one another, that one method must, to some extent, give way to the other. 
That is to say, either crushing to amalgamate or crushing to cyanide must be 
selected as the chief aim of the mill man. If his aim is to get the gold chiefly 
by amalgamation, then fine crushing is generally essential for the best results. 
This means a small proportion of leachable products for cyaniding and an 
excessive quantity of slime. If, on the other hand, his chief aim is to get the 
most suitable product for cyaniding, then amalgamation must be either 
abandoned, or a smaller quantity of the gold extracted by this method must 
be accepted, and the cyanide relied upon to extract the balance. In_ the 
latter case, it is generally advantageous to crush the ore in several operations. 
In fact, it may be taken as a rule that the more times an ore passes into and 
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out of a crusher, being sized after each operation, the more even in size is the 
resulting product as a whole, and the better is it for percolation. 

The number of combinations of different crushers, each having its use, are 
very great, but the following system is given as a suitable method of pro- 
cedure when amalgamation is employed, and crushing to cyanide is the chief 
object. Let the ore, as it leaves the mine, be dumped into a crusher of the 
Edison rolls type, or of the type of the Gates crusher, and then pass on to 
sets of corrugated rolls, until it is reduced in size to pass a screen of 3 to } 
inch. In this condition the ore is weighed and sampled. These two operations 
might well be conducted with automatic weighing and recording apparatus 
and a sampling machine, and all extraction results, whether from amalgamation 
or cyanide processes, should be based on these weighings and the assays of the 
samples. The moisture determinations would of course be got from the 
samples taken for assay, and deducted from the gross weighings. In this way 
the management could have a check on operations which would be more satis- 
factory to all concerned than the loose methods usually carried on. Any 
irregular variations between theoretical and actual extractions could then be 
investigated, by which the cause might be found. 

The ore, after having been sampled and weighed, is passed on to a fine 
erusher, preferably a stamp mill of a heavy type, giving a short, quick drop, 
and having a discharge as low as practicable. The mesh of the screen would 
naturally vary with the ore, and is best determined by experiment, but it is 
improbable that it would ever be advisable to use a screen of narrower mesh 
than 0°03 inch (24-mesh), to get a minimum of slime and a maximum 
number of ore particles of the size that gives the best extractions by percola- 
tion. The crushed ore, as it leaves the mortar box, is passed over wide 
amalgamated plates, with fall adjusted to suit the ore, and the flow of water to 
suit the fall, and the pulp then flows on to a set of sizers. It is generally 
found that the ore from the first sizer, and possibly from the second, is too 
coarse to give a high extraction, and will pay to re-crush in some suitable 
auxiliary crusher, such as a Huntington mill, or a ball mill for wet grinding. 
The re-crushed ore should be returned to the amalgamated plates and again to 
the sizers, the operation being continuous. By employing such a system and 
making amalgamation of only secondary importance, the volume of water used 
in the mortar box may be reduced, and so regulated that the crushing 
effect of the stamps and the number of particles forced through the screen by 
each splash is brought up to a maximum. This is of rather thicker con- 
sistency than can be streamed over the plates, and the extra supply of water 
for this purpose is supplied outside the mortar box. In this way the pro- 
duction of slime may be reduced to a minimum, as the readily slime-forming 
portion of the ore is removed from the mortar before it can be further reduced 
in size, and the hard, coarse particles, by being re-crushed separately, do not 
produce as much slime as the original ore (see page 36). 

When an ore is to be crushed dry, it is advisable to first reduce it in size 
to 2 or § inch cube, sample and weigh as above described, and then dry in 
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some suitable dryer. The drier the ore is, the smaller is the production of 
slime in dry crushing and the better is the quality of the product for sizing 
and leaching by percolation. Care, however, should be taken not to dry the 
ore at too high a temperature, as some of the mineral constituents are apt to 
become oxidised and form basic salts, which have an injurious effect on the 
cyanide solution. As in wet crushing, so in dry crushing it is advisable to 
fine-crush the ore in more than one operation. A coarse screen may be 
employed in the first operation, and the particles which are too coarse to 
get a good extraction are then separated and re-crushed. 

Rolls have been employed for dry crushing ore to cyanide, and in certain 
cases a fairly good product has been obtained. Stamps are sometimes used, 
but from the very nature of the operation and the difficulty of removing the 
crushed product as quickly as it is formed from the mortar box, dry stamping 
of ores to cyanide is not a desirable way of crushing. Ball mills of the Krupp- 
Grusonwerk type are generally preferable to either of the above methods. 
They should be of a fairly large size, and for the first crushing have coarse 
screens, 12- to 20-mesh being suitable in most cases. The product from this 
is sized, and the particles which are too coarse to cyanide are re-crushed in a 
separate mill with a finer screen. In this way several sizes may be obtained 
without forming an undue quantity of slime, as is often the case when the 
ore is crushed in one operation through a fine mesh screen. 

It is sometimes desirable to crush an ore to as fine a slime as practicable. 
Thus, in the case of West Australian telluride ores when treated raw, special 
mills are employed for this purpose. The most suitable appliances have been 
found to be grit mills, similar to those used in Portland cement works. For 
ore particles that are to be ground wet, a mill of a modified form has been 
devised of the Krupp-Grusonwerk type, which is largely used in Western 
Australia. Both dry and wet mills do the work very thoroughly, and form 
for the most part a very fine powder or pulp, but at a cost which is prohibi- 
tive, except in the case of rich ores and concentrates. They require 12 h.p. 
per ton output per hour to produce a pulp of sufficient fineness for slimes 
treatment, and are made in five sizes, to treat from two to seven tons per hour. 


CHAPTER VI. 
WEIGHING AND MEASURING. 


Weighing the Ore.—In the cyanide process it is highly desirable to know the 
weight of the ore being treated, in order to be able to control operations and 
compare results between the actual and theoretical extractions from time to 
time. The most reliable way of getting the correct weight of an ore is to 
charge trucks and weigh on platform scales just before dumping into the 
tanks, taking at the same time from each load a sample for moisture deter- 
mination. The total moisture is finally deducted from the net weight scaled. 
Such a method is not always convenient, and at best is expensive and requires 
much labour. An approximation is arrived at by taking the net weight of 
truck loads at intervals of, say, every hundredth, and assuming this to be an 
average. In some cases the tank capacity by weight is determined, and it is 
assumed that each full tank contains the same weight. But it has been shown 
that in the case of ores crushed wet and charged moist, the weight by bulk 
varies very widely. In the case of dry crushed ores, or when crushed wet, 
sized and charged direct, the tank capacity as a whole remains fairly constant. 

To determine the weight of a tank charge by measurement, fill a metal or 
wooden box with the crushed ore having exactly one cubic foot contents, dry 
at a moderate temperature, and weigh. Make twenty or thirty similar de- 
terminations at different times, and take the average as the weight of a cubic 
foot, from which the tank capacity can be determined. To determine the 
weight of an ore charged direct, place in the tank at different parts and at 
different heights similar boxes of one foot cube, but made of perforated sheet 
iron. Dig out after the tank has thoroughly drained, sweep off the sides, level, 
dry, and weigh contents. Repeat at intervals or when any change occurs in 
the ore, and take the average weight of twenty trials as a close approximation 
from which the contents of the tank may be determined. 

When the cyanide works is run in conjunction with the crushing mill, as 
it should be in all cases, the extraction results should be based not only on 
the tonnage determined by measurement from the tanks, but on the actual 
weight of ore crushed. There is bound to be some unavoidable loss through 
sliming or dusting and transferring, but it is the duty both of the mill men 
and cyanide men to keep this loss at a minimum. One should work in 
harmony with the other, and it should be to their common interest to report 
at intervals how small their loss is from this source. 

Continuous Weighing.—Several attempts have been made to devise an 


automatic machine for the continuous weighing of the ore as it is delivered for 
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treatment. Thus a platform scale has been devised which automatically 
weighs and records the net weight of truck loads while in motion with rope 
haulage, but many practical difficulties were met with which interfered with 
the accuracy of the results. 

Recently Messrs Denison & Son, of Leeds, have introduced a novel machine 
known as the “ Blake-Denison Continuous Weigher.” With this appliance the 
ore is automatically weighed, and the number of tons recorded on an indicator 
while it is being carried on a belt conveyor. The principle on which this is 
constructed may be understood from the following.* 

Let us take the case of an ordinary belt conveyor supported by equidistant 
rollers. With any three of these rollers the middle one supports half the total 
load between the two on either side of it. Thus in fig. 11, if A, B, and C are 
rollers supporting the belt with its load, the middle roller C supports half the 
load between A, B. If, now, we take mid points w, and w, and suspend 
roller C in the usual way of ordinary multiple lever platform weighing 
machines, the weight between these two points (which is half that on A, B) is 
carried by C and may be recorded. It is then only necessary to arrange the 
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Fic, 11.—Blake-Denison Continuous Weigher. 


mechanism so that it will record weighings of every length w, w, (6 ft. in 
this case) of the belt while running to get a continuous, or rather a rapid, 
intermittent weighing machine. 

It is obvious that the mechanism must be arranged to suit the speed of 
the belt, for if in the above case it travels at a speed of 3 ft. a second, it will 
require separate weighings recorded every 2 seconds, while if it is running at 
the rate of 4 ft. a second, it would require weighings recorded every 14 seconds. 
The Blake-Denison weigher records these weighings on a counter which indi- 
cates in figures the number of net tons and decimals of a ton. 

There is, however, a limit to the speed at which these weighings can be 
made with accuracy, and this is stated by the makers to be 350 ft. per 
minute. It is also said to weigh with equal accuracy when the belt is made 
to elevate the load, and this was tested when the angle was 1 in 10, with 
the result that it worked perfectly. 

Several ingenious details are introduced into this machine; and as the 
mechanism is somewhat delicate, it is desirable to keep it housed in a dust- 
proof case. A glass window may be inserted in the case to allow the indicator 
to be read without opening. aa, 

The belt conveyor offers excellent facilities for taking samples automatically 
for assay and moisture determination as the ore is delivered. If the moisture 


* Colliery Guardian, Jan. 17, 1902. 
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is fairly constant, the weigher can be adjusted to record the net weight of dry 
ore. 

For convenience in calculating, the short ton of 2000 Ibs. is mostly employed 
at gold and silver mining centres, but at some places the long ton of 2240 lbs. is 
still taken. Some confusion exists in the use of the two different units, and it 
is to be hoped that the time is not far distant when one unit will be universally 
employed. 

Weighing the Solution.—It is usual to refer to the quantity of solution ap- 
plied, by the ton weight. A cubic foot of working cyanide solution usually weighs 
about 64 Ibs., and from this the contents of a tank may be readily determined. 
The area of the solution tank in square feet multiplied by 0°32 gives the short 
tons per foot deep, and by 0°0266 the short tons per inch deep, or multiplied 
by 0:0285 gives the long tons per foot deep, and by 0:00238 the long tons per 
inch deep. The weight of solution run on the tank is conveniently determined 
by employing a measuring staff marked off in tons, or in any suitable number 
of tons according to the size of the tank. The staff is first dropped to the 
bottom and the tons contents noted, then the requisite number of tons are 
allowed to run into the leaching tank. The time of the day and the quantity 
should be immediately recorded in a book kept for the purpose. Such a 
method is sufficiently accurate for all practical purposes, but it has the 
objection, that, since cyaniding is carried on night and day, the management 

cannot have a check on the operations and see that they are carried out as 
recorded. Irregularity in this matter is sometimes accountable for the erratic 
results so often obtained. 

It would be more satisfactory to use a simple recording meter that would 
automatically record the number of tons used, and the time of the day when a 
solution is applied. Some makers are at present experimenting with meters 
of this class. — 


CHAR EER a Vall 
PERCOLATION AND LEACHING. 


THE process of causing a liquid to pass through a porous medium, such as 
sand, etc., is termed percolation, and when the liquid, as it percolates, dissolves 
some of the porous medium, it is said to leach. 

In the cyanide process ores are treated almost entirely by percolation and 
leaching in tanks, and it is the exception to have to resort to other means, un- 
less the ore is in the form of slime. The advantages of the percolation 
method of leaching in tanks are, that enormous quantities may be dealt with 
in one operation, and by the simplest possible plant, also, the method is easy 
to control in carrying out. Like all simple processes there are, however, 
many practical points to be observed that require some consideration, in 
order that the results may not vary widely. 

Rate of Percolation.—This varies with the volume and uniformity of the 
interstices between the ore particles, and to some extent with the depth of the 
column, the pressure, and the temperature. The constituents of the ore also 
have some influence on the rate of percolation, for minerals such as galena, 
pyrites, and blende have a very marked effect in diminishing the rate of per- 
colation, and this varies with the proportion of these minerals to the siliceous 
particles present. It naturally follows that the coarser the ore particles are the 
larger will be the pores or interstices and the more rapid the rate of percolation. 
Then, again, uniformity in the size of the ore particles has something to do 
with the rate of percolation and the leaching effect, for if an ore be crushed 
to pass through an ordinary assayers’ sieve of 90-mesh, and washed free of 
slime, a good leachable product may be obtained, but if this fine ore be mixed 
with coarser particles, percolation becomes slower than the average of the two 
sizes treated separately, and leaching is retarded. 

Percolation is carried on in either a downward or upward direction, and we 
have made some investigations on the rate in both directions. When down- 
ward, the rate does not vary very much with different depths of ore, but there 
is always a diminishing decrease with increase of depth. Thus an ore through 
which a solution percolated the first foot at an average rate of 1°6 inches per 
minute, percolated two feet at 1:3 inches per minute, three feet at 1°22, and 
four feet at 1:2. With upward percolation the average velocity for the first 
foot from the filter cloth was 8 inches per minute, for two feet was 4 inches, 
for three feet was 2°75 inches, and for four feet was 1:4 inches per minute, 
showing a rapidly diminishing velocity as the solution percolates towards the 


surface, caused chiefly by the difference of hydrostatic pressure. The level of 
48 


PERCOLATION AND LEACHING. Ag 


the solution was in both cases kept constant at three inches above the ore 
surface, for the purpose of comparison. 

The loss in velocity, as the solution descends into the ore, seems to be due 
in a large measure to the pushing forward of the air contained between the 
particles, and also to the skin friction between the solution and the ore. In 
its attempt to escape, some of the air moves in an upward direction and some- 
times reaches the surface, but a very large number of globules are retained, as 
the pressure does not enable them to force their way upward and escape. 
These remain in the ore, balanced with the weight of solution above. Such a 
state of things has a very marked detrimental effect on the rate of leaching, 
and causes an excess of moisture to be left in the ore after draining. (With 
upward percolation these globules of air are not formed to the same extent.) 
Of course, the chief quantity of the air below the ore surface is pushed forward 
and escapes through the outlet pipe below the filter, and if the outlet pipe is 
not open a large volume of air bubbles upwards through the sand, producing 
channels and cavities, and affecting the texture of the ore. 

Texture of the Ore.—Uniformity in texture of the ore is one of the chief 
secrets of good leaching, and to get uniformity in texture we should have uni- 
formity in the size of the ore particles. Thus a carefully sized ore will give 
not only more uniform results but better extractions, and will retain less 
moisture than the same ore unsized. The texture of the ore is largely in- 
fluenced by the method of charging the leaching tank. We have made some 
determinations as to the volume occupied by the same weight of ore of 
different sizes when charged direct with water, moist, and dry, and have 
tabulated the results as follows :— 


TABLE X. 
— Relative volume when 
Passed Retained 
Mesh, on Mesh. Z 
Direct. Moist. Dry. 
30 60 100 140 96 
60 90 100 144 91 
90 ae 100 152 96 


Thus it will be seen that the ore charged moist is the most porous, that 
charged direct is next, and that charged dry is least. In practice it is usually 
found that the dry charge percolates better than when the ore is charged 
direct with water. This is owing to stratification of slimy matter in the latter 
ease, which is difficult to avoid. 

Retention of Moisture—The amount of moisture retained by a leached ore 
depends on the size of the particles, the uniformity of texture, air pressure 
and temperature, and to some extent on the depth of the column. 


4, 
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We have made some determinations as to the quantity of moisture retained 
after leaching and draining in the ordinary way. The ore had been washed 
quite free from slime and was then sized with assayers’ sieves. Table XI. 
gives the results. 


TABLE XI. 
E Moisture 
Spats aie per cent. Ore Remarks. 
esh. on : retained, 
30 60 4°5 | The temperature was between 
E 61° and 65° F, and the pres- 
60 90 74 sure below the filter was 
90 9°9 1 lb. under the atmosphere. | 


These experiments were extended by adding various percentages of slime, 
carefully mixed in a dry state, to an ore which had passed a 30-mesh and had 
been retained by a 60-mesh. Table XII. gives the results, 


TasLe XII. 
Moisture 
Se ee per cent. Ore Remarks. 

P : retained, 
m1 8°7 The temperature varied be- 
2 8°8 tween 58° and 64° F. while 
3 10°3 the experiments were being 
4 12°5 carried out. The pressure 
5 14°4 below the filter cloth was 
75 126 not reduced in any case, 


When the pressure below the filter was reduced by 10 lbs. per square inch, 
the results showed that the moisture retained was irregular, being sometimes 
greater and sometimes less than the above, but ‘when reduced only 1 or 2 lbs. 
the percolation was very uniform, and the moisture retained was always less 
than the above. After completing the leaching by gravity alone, the per- 
centage of moisture was always decreased still further, by diminishing the 
pressure below the filter. 

Temperature has some effect, which in many cases Is marked. The higher 
the temperature, the smaller is the quantity of moisture retained. 

A deep tank has a slight advantage over a shallow one in the quantity of 
moisture retained after leaching. There are always a few inches at the bottom 
of the tank that retain an excessive amount of moisture, and the depth of 
this, which is usually 2 to 6 inches, varies with the nature of the sand, but is 
independent of the depth of the column. When globules of air or hollows are 
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in situ in the tank of ore, the portion immediately above the hollow always 
retains an excess of moisture, just like that at the filter cloth. This is hardly 
affected by a reduction of pressure under the filter, and accounts for an undue 
amount of moisture left in a tank of uniform texture. 

Influence of Temperature on Percolation.—A high temperature has a 
very marked effect in accelerating percolation, because the chief resistance 
offered to a solution in passing through the ore is internal friction, and this is 
reduced by increase of temperature. If the internal friction at freezing point 
is 100, at boiling point it would be only about 10 to 15. 

Influence of Pressure on Percolation.—Gravity usually supplies the 
working pressure, assisted by a slight suction from the dip of the outlet pipe. 
Sometimes, however, a vacuum pump is employed, whereby the pressure below 
the filter is greatly reduced, but this method has drawbacks, and is not found 
desirable except in special cases. When the solution is forced through a tank 
of ore at a pressure near to that of the atmosphere, it is often found that 
the sand packs and the pores become somewhat choked, whereas if the 
applied pressure is only slight—about 1 to 3 lbs. per square inch—this does 
not occur appreciably. Moreover, in the final draining the higher pressure 
tends to leave a larger quantity of moisture behind. This seems to be due to 
the solution descending too rapidly to allow the globules held between some 
of the particles to overcome the internal friction, and the air then surrounds 
these globules and prevents them agglomerating. This is a case of capillarity, 
and is most apparent in ore loosely charged. If, however, the ore has 
been drained by gravity alone, the use of a vacuum pump or other suitable 
appliance at the end of the operation will, as already stated, usually draw off 
more moisture. 

When a pressure higher than that of the atmosphere is required to make 
the solution percolate, it is usual to resort to the filter press. Highly satis- 
factory leaching may be obtained by this method, but the additional cost of 
plant and handling may make the process too costly to work, except in a few 
cases. In West Australia filter presses are largely used to leach and dry the 
slimes of rich telluride ores. 

In America, strong covered cylindrical tanks have been employed on ores 
difficult to leach under atmospheric pressure. The solution was pumped in 
on the top of the ore and a high pressure of air—two or three atmospheres— 
was applied, which forced the solution uniformly down to the filter bottom. The 
high pressure causes the solution to become surcharged with oxygen, and thus 
aids dissolution of the gold. The process is too expensive to be applicable to 
any but exceptionally rich ores. 

Causes of Bad Leaching.—Bad leaching is chiefly the result of uneven per- 
colation, and uneven percolation follows from want of uniformity in the texture 
of the ore, or from want of uniformity in the pores of the filter cloth. It often 
happens that a tank is charged with an ore containing an excess of moisture, and 
a good deal of fine slimy matter gets to the filter cloth, some passing through, 
and some remaining and choking the pores. When this happens, the extractions 
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in that tank become poor, and the cause is often not observed until a con- 
siderable loss has occurred. 

It therefore becomes incumbent on the cyanide operator to wash the filter 
eloths often, and take every precaution that each charge is of uniform texture, 
and that the ore particles are properly sized. 

At some works it is usual to cover the filter cloth permanently with clean 
coarse sand a few inches deep. This helps very much to prevent choking and 
keeps the cloth clean. The sand can be removed and renewed at intervals of 
one month or so. An open loose grating may be placed 3 or 4 inches from the 
cloth as a gauge for the shovels in discharging the tank. The bottom 3 or 4 
inches of sand is not removed with each discharge of the tank. 

It often happens that bad leaching is due to the ore packing in places from 
vibration. When shafting, or a pump, or the staging used in charging is 
attached rigidly to the leaching tank or some place that allows it to vibrate, the 
effect is to cause the ore at that part to settle down, and percolation in the 
tank takes place unevenly. 

Methods of Applying the Solutions.—The question may be asked—How 
can one best apply the solutions to the ore so as to obtain the greatest profit? 
Like many other questions it is impracticable to answer, because there are such 
a number of factors to be taken into account, many of which vary with 
different ores and in different localities. With a careful practical investiga- 
tion by a competent man, he can, however, arrive approximately at a solution 
to the question for any particular locality, but different men may obtain the 
same results in different ways. 

The solution is applied to the ore at the surface and allowed to percolate 
downwards by gravity, or it is applied to the ore from below the filter cloth 
and percolates upwards by hydrostatic pressure until it rises to the surface. 
The rest of the solution is then usually run on to the top of the ore and is 
drawn off by gravity. 

The solution is applied continuously or intermittently. The former method 
consists in adding each solution soon after the previous one has sunk below the 
surface of the sand, without waiting for the ore to drain. Each succeeding 
solution is then said to displace the former, and percolation is kept up con- 
tinuously. By the intermittent method each solution, after it has been allowed 
to stand for a time, is drawn off, and the ore is drained as well as time will 
allow, and then the next solution is applied. Some operators apply the solutions 
in three or four large charges, while others apply them in a good many small 
charges. Theoretically the latter method should give the best extractions, 
but in practice the former gives equally good results. 

It is in the final treatment, when the water wash is applied, that a number 
of small charges are highly beneficial. Three or four small charges of 10 tons 
each will extract more of the salt adsorbed by the ore than one large charge 
of 30 or 40 tons. This is particularly noticeable in the first small charge of 
water wash, which after percolating will often be found, when drawn off, to be 
richer in alkali, cyanide, and gold than the previous weak solution. The cause 
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of this is not clear, but it would appear to be due to some action between the 
adsorbed salt and the air drawn into the ore mass as the solution drains off, 
whereby the adsorbed salt becomes more soluble. 

The addition of a solution of a salt instead of a plain water or dilute cyan- 
ide as the final wash would in some cases be beneficial_in preventing colloidal 
precipitates from being broken up and carried through the filter, which so often 
occurs. The salt causes the precipitated colloids to remain coagulated, and 
should of course be one that would not react with the cyanide. 

The final wash to the ore is one that deserves more attention than is usually 
given to it, for after the gold has been dissolved a considerable proportion 
often remains behind in solution. This is held chiefly by adsorption and 
capillarity, and the amount removed by each successive wash is a rapidly 
diminishing quantity. This points to the difficulty of removing the metal 
even after dissolution, as the number of washes and the quantity of solution 
capable of being applied in practice is limited by time. 

To determine the effect of water washes, we saturated a column of clean 
siliceous sand 100 Ibs. in weight with 25 grs. of gold as KAuCy, in a solution 
of weak cyanide. We next took a weight of water equal to the weight of sand 
and divided it into six equal parts. Each sixth was applied separately and 
allowed to drain completely, and the gold in the sump solutions was deter- 
mined. Table XIII. gives the results. 


TABLE XII. 
| 
No. of Gold in Sump 
Solutions, 
Wash. ; 
ors 
1 16°6 
2 4°11 
3 1°3 
4 075 
5 0°22 
6 0°07 


This shows how rapidly the quantity of gold salt washed out by each wash 
diminishes, and that after the third wash the amount separated becomes very 
small. It is problematical whether, with working conditions, it would pay to 
give the fourth or fifth charge, and the sixth would certainly not be profitable. 
The gold in solution, in this case, is about ten times as much as would be present 
in ordinary practice. This is simply to reduce the effect of experimental error. 

An identical sample of sand was saturated with gold solution exactly as in 
the last case and was washed out with water, but in one charge, equal to the 
weight of the sand, when the total gold separated was 19°8 grs. In the first 
case the total gold separated was 22:7 grs., showing a better extraction by 2°9 
ers. There was, however, in the first case 3°3 grs. and in the second case 5:2 
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ers. of gold left in the sand. There seems to be room for improvement here, 
and from experiments we have made it seems likely that if the final charge of 
wash waters contained a suitable acid or salt, the last trace of dissolved gold 
would be more completely removed. 

The Effect of Slime on Leaching by Percolation.—We procured an ore in 
which the gold had been very uniformly distributed, so that when passed 
through a Clarkson Divider thirteen different samples did not vary by assay 
more than a few grains per ton, and on the average contained 16°6 dwts. gold 
and a little silver. The ore had, previous to assaying, been washed free from 
slime, so that when agitated with clean water and allowed a minute to settle 
only a slight turbidity could be seen. Twelve of the samples were mixed with 
different percentages of slime, varying from | to 12 per cent., and each sample 
was treated by the percolation method with strong solution 0-2 per cent. 
KCy, weak solution 0-05 per cent., and a water wash occupying 72 hours in 
each case. The slime added was plastic clay, free from gold and silver, con- 
taining 89 per cent. silica, the remainder being oxide of iron and alumina. 
The results are given in Table XIV. 


TABLE XIV. 
Assay Value of Originals 16°6 dwts. 
| 
Slime is Value Extraction 
, t of Residues, per cent 
pene dwts. Gold. I : 
0 2°6 84°3 
1 OF 83°3 
2 2-93 82°3 
3 3°4 79°5 
4 3°6 78°3 
5 4 75°9 
6 4°48 73 
Y 4°94 70°2 
8 55 66°9 
9 56 66°3 
10 6°39 62°6 
ie! 9°3 31°9 
12 oe eM 


With 12 per cent. slime the percolation became too imperfect to make the 
results of value. 

A portion of the slime had been agitated with cyanide solution, and on 
testing the solution afterwards it was found to have lost only an inappreciable 
quantity of cyanide, so that the diminution in the extraction as the slime in- 
creased could not have been due alone to decomposition of the solution by the 
slime constituents. 

It might be fairly safe to assume that the diminution in extraction was 
largely due to the ore particles becoming coated with slime, which hindered 
the solution from getting in contact with the gold and also to the difficulty of 
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washing out the dissolved gold, absorbed by the slime. It has already been 
shown how the presence of slime causes a retention of moisture. 

Quantity of Solution to cover the Ore.—This evidently depends upon the 
amount of space between the grains, and will vary somewhat according to 
the nature of the material. The space between the grains varies with the 
size of the grains and with the amount of moisture present in the ore when 
the vat is charged, as already shown. The quantity of solution may easily be 
determined for any particular material by finding the specific gravity of the 
solid ore (S) and that of the crushed materials * (s), then the proportion 
of spaces between the ore grains or voids = = 

To take an actual case of tailings from clean quartz so crushed that 
1 per cent. was retained on 20-mesh sieve, and 5 per cent. on 40-mesh had 
a specific gravity of 1°61.¢ Assuming the sp. g. of solid quartz to be 2°65, 
2°65 — 1°61 

2°65 
voids to solids is as 0°392 is to 0°608, and the relative weights are 1°61 of 
sand to 0°392 water, or each ton of this sand will require 0°243 ton of water, or 
say + of a ton. 

With carefully sized sand the specific gravity was found to be 1:28, the 
proportion of voids is therefore 0°52, and 1 ton of such sand requires 0°406 
ton of water to cover it. It may be taken, then, that the quantity of water 
required in most cases is between 4 to 4 of the sand by volume, and between 
+ to 45 of the sand by weight. 


then = 0-392 = proportion of voids. Therefore the proportion of 


ADSORPTION PHENOMENA. 


It is well known to analytical chemists that when substances are pre- 
cipitated from solution, a portion of the precipitant is carried down by the 
precipitate. Thus alumina which is precipitated by alkali, carries down with 
it a large quantity of the alkali adhering to the alumina precipitate. The 
same property is possessed, to a greater or less degree, by the surfaces of 
particles of slimes, sands, and other solid substances in solutions of electrolytes. 
These phenomena are called adsorption. 

Adsorption phenomena are developed to a considerable degree in the 
cyanide process, for we have to deal with an enormous area of contact-surfaces 
between the solids and the solution, and with media—silica, hydroxide of iron, 
etc., highly favourable for producing the effects. 

Gore { specially prepared pure silica, and in a number of cases he agitated 


weight of cubic foot 
62°5 
+ Weight of a cubic foot of ordinary pyritic quartz sand, dry and free from slime, crushed 
wet through 900-mesh=110 lbs. .*. Sp. G= on =1°77. Thesamesand containing 5 per cent. 
_ 83 
62°5 
* Proceed. Birm. Phil Soc., vol. ix. parti. 


* Specific gravity of crushed material = 


moisture loosely charged=82 lbs. .*. Sp. G. = 1°30. 
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25 c.c. of different salt solutions of different strengths with 50 grains, in 
each case, of the silica. The supernatant liquid was then analysed and the 
results tabulated. Those in the case of KCy and NaCy are given below in 
Table XV., but we have calculated out the losses of cyanide in lbs. per ton 
of silica. 


TABLE XV. 
Residuary Solution after con- Residuary Solution after con- 
Original | tact with Silica 16-24 hours. Original tact with Silica 16-24 hours. 
Solution Solution 
KCy per NaCy per 
cent. Loss in Ibs. KCy loss cent. Loss in Ibs. | NaCy loss 
| per ton Silica. per cent. per ton Silica. per cent. 
| 0°025 Bear | 87°5 0°025 11°6 86°7 
0°25 65°8 49°0 O°l 8°9 16°6 
L'0 140 26 1°0 94°4 15°4 


The result obtained with the 0-1 NaCy solution seems to be widely 
irregular. The loss of cyanide appears excessive when compared with the 
half to two pounds loss per ton in practical cyaniding, but Gore experimented 
with fine precipitated silica, which is a far more effective agent for showing 
the adsorption phenomenon than the sands usually treated by the cyanide 
process. 

It would appear from the above results that the actual loss in cyanide 
is greater the stronger the solution, but the percentage loss is greater the 
weaker the solution, and this is what is found in practice. The influence 
of time of contact and temperature, between the limits ordinarily employed 
in the cyanide process, have little or no effect on the amount of salt adsorbed. 
A mixture of salts as usually found in working solutions produces a disturbing 
influence on the amount adsorbed, which becomes irregular. Other substances 
mixed with the silica, as alumina, oxide of iron, etc., may affect adsorption 
materially. 

A freshly formed precipitate, as when an alkaline solution is added to an 
iron salt, so often occurring in the process, carries down with it a much 
larger percentage of the alkali than a similar precipitate previously prepared. 

Investigation of the nature of Adsorbed Substances.—Linder and 
Picton and others have studied this subject, and have found that the solid 
particles actually decompose the electrolyte, carry down and adsorb the 
positive ion, while the negative ion is liberated and remains free in the 
solution. Whitney and Ober* have extended these investigations and made 
accurate determinations on arsenious sulphide in colloidal state, using various 
salts as precipitants—barium, strontium, calcium, and potassium chlorides— 
and proved that the precipitate causes the salt to hydrolyse, carry down the 


* Jour. Am. Chem. Soc., vol. xxiii. No. 11, Nov. 1901. 
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base, and leave the negative ion free in solution. Also, the base carried 
down and adsorbed was in proportion to the chemical equivalent weights of 
the barium, strontium, calcium, and potassium. 

The same authorities give good reasons for asserting, what is doubtless 
true, that the fine solid particles cause hydrolysis of the salt, whereby the 
acid is left free in the solution, while the metal is carried down and adsorbed 
as a basic hydroxide. 

In the case of working cyanide solutions the presence of impurities pro- 
duces complications and causes very irregular results in the loss by adsorption. 
A slight excess of caustic alkali, as found useful in practice, has a marked 
effect in reducing this loss, while the presence of carbonates increases it. 

With slimes and sands, such as one deals with in the cyanide process, 
the adsorption phenomena is not developed to such a high degree as in the 
case of the so-called colloids, but colloidal precipitates often occur in the 
treatment. Little or nothing, as yet, is known about the laws of adsorption, 
but it is generally believed that there is a proportionality between the surface- 
area of the solids and the amount adsorbed from the same solutions, and by 
solids of the same nature. 

M. J. Thoulet * made the following experiment to show that solid particles 
carry down air as well as salts in solution. A vertical tube is filled with 
boiled water, to which pyrogallic acid is added with a little gum arabic to 
retard the oxygenation. Fine grains of solid matter are then dropped into 
the tube, and as they reach the bottom each one is surrounded by a dark 
aureole, “showing well that it has fixed and carried down an envelope of air.” 


* Annales des Mines, Experiments in Sedimentation, vol. xix. p. 1 é seq, 


CHAPTER VIII. 
PRINCIPLES INVOLVED IN THE DISSOLUTION AND PRECIPITATION OF METALS, 


WE can do no more here than just touch on a few of the principles involved 
in these subjects, and for further pursuance the reader is referred to the 
numerous text-books * which deal with the matter fully. 

Diffusion and Osmotic Pressure.—If we take a vessel divided by a 
porous membrane into two compartments, both containing water at different 
levels, the two liquids will in time adjust themselves until they are both at 
the same level. If next we dissolve a substance in one compartment, such as 
cannot easily pass through the pores of the membrane, it will be found that 
part of the water in the other compartment forces its way into the solution of 
the dissolved substance, until both liquids remain at rest at different levels. 
This phenomenon is termed osmosis, and the pressure to which this change is due 
osmotic pressure. Osmotic pressure plays an important part in the cyanide 
process, both in the dissolving and precipitating of the gold and silver. 

Prof. Pfeffer investigated this subject, and succeeded in preparing suitable 
membranes by which he made it possible to determine quantitatively the 
osmotic pressure of a number of chemical substances at different concentrations 
and temperatures. It has been proved in some cases that at the limiting 
surfaces between the water and the dissolved substance this pressure amounts 
to over a thousand atmospheres. 

Van’t Hoff, who had interested himself in Pfeffer’s work, published a 
volume in 1887, showing that there existed a relation between the gas 
pressures of gases and the osmotic pressure of solutions. That is to say, that 
the well established gas laws of Boyle, Gay Lussac, Avogadro, and others also 
apply to the osmotic pressure of solutions. These laws are usually expressed 
by the equation 

pv=HT 1) 
where p is the pressure and v the volume of the gas, while T’ denotes the 
absolute temperature and R is a constant for a perfect gas. There are, how- 
ever, a number of exceptions in which the osmotic pressure does not obey the 
gas laws, and these are of most interest in the cyanide process. The excep- 
tions include salts, acids, and bases, and in order to apply the above equation 
Van’t Hoff introduced a coefficient ¢ which modified the expression to 


pysat ich) oy 
If a salt such as potassium chloride be dissolved in alcohol, equation (1) 


* Solutions, by Ostwald, Elements of Electro-Chemistry, by Liipke, and ditto by Le Blanc. 
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holds good, and the coefficient 7 does not come into account ; but if the salt is 
dissolved in water, the solution behaves as if a greater number of molecules 
were present than the concentration warrants. Thus, by halving the con- 
centration, the osmotic pressure was always greater than half. It is concluded 
that this is due to a dissociation or breaking asunder of some of the molecules 
which occur in aqueous solutions, but not in alcoholic solutions. 

Electrolytic Dissociation.—Clausius * put forward a theory that when a 
salt such as NaCl was dissolved in water, some of the molecules broke down into 
ions ; that is to say, while some of the molecules remained NaCl, a certain 
portion, as it were, broke asunder and became Na and Cl ions, and these ions 
were free to move in all directions as if they were independent molecules. 
Now, if the osmotic pressure was greater than it should be in accordance with 
the gas laws, it would appear to point to a greater number of particles present 
than assumed, such as the theory of Clausius suggests. 

The conception of the independence of certain parts of the dissolved 
molecules was up to this point only of a qualitative nature. In 1887 
Arrhenius put forward methods in two distinct lines of research, by which he 
was able to measure what percentage of the molecules became dissociated, and 
offered an explanation which accounted for the exception in Van’t Hoft’s 
generalisation. 

The one method was based on the electrolytic conductivity of the solution, 
and the other on the thermodynamic theory of osmotic pressure, both methods 
giving results that agreed within limits of experimental error. Also it was 
soon found that only those substances that show abnormally high osmotic 
pressures conduct a current. From this it may be inferred that only those 
solutions are conducting that are, at least in part, dissociated into ions. 

Arrhenius called undissociated molecules inactive, and those which had 
broken down into ions active, and concludes that only active molecules or ions 
take part in the conductivity of the current ; and further, that when a solution 
was highly diluted, it became completely dissociated into active molecules or 
ions. These ions differ from atoms and molecules inasmuch as they carry 
enormous electric charges, the one, ¢.g. Na, being positive, and the other, Cl, 
being negative, whereas atoms and molecules are electrically neutral. NaCl 
dissolves in water as molecules; but if this compound be decomposed in the 
presence of water into Na and Cl molecules or atoms, they instantly decompose 
the water and form new compounds. On the other hand, if NaCl is dissociated 
into ions, no such action takes place. 

Electrolytic Solution Pressure.—Nernst conceived the idea that there 
was an analogy between the dissolving of a metal in a solution and the 
evaporation of a liquid into space. We are familiar with the fact that, at a 
given temperature, if a solution is evaporated it continues to pass into space 
_ until its vapour exerts a certain definite pressure called the vapour pressure, 
when equilibrium is established. 

Now we may assume, according to Van’t Hoff’s theory, that the molecules 

* Pogg. Ann., ci. p. 338, 1857. 
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of a dissolved substance exist under a definite pressure, which may be ascribed 
to the dissolving substance in contact with the solvent; further, that they 
have a power of expansion, being driven into space, where they exist under a 
certain pressure. Then, just as a liquid passes into space until the vapour in 
the space exerts a pressure equal to the vapour pressure, so a substance 
dissolves in a liquid until the osmotic partial pressures of the molecules equal 
the solution pressure of the substance. 

Nernst put forward an explanation, based on his theory, to account for the 
action of primary cells, from which it may be concluded that the seat of 
electromotive force is chiefly at the surface of contact between the electrodes 
and the electrolytes. When a bar of zinc is immersed in an acid, some ions 
pass into solution, and in order to do so they must take positive charges with 
them. The metal then becomes negative, and the solution being positive from 
the ions it has received, we get formed at the plane of contact the so-called 
electrical double layer of Helmholtz, which resists any more ions coming into 
the solution. That is, the metal stops dissolving, although the amount dis- 
solved is so small that it cannot be detected analytically. If, now, a negative 
metal such as lead be immersed in the same solution, it immediately becomes 
covered with the positive zinc ions, which charge it with positive electricity. 
This proceeds until a certain potential is attained, when equilibrium is 
established. 

Let us next touch the zinc and lead momentarily. The positive electricity 
on the lead flows by the metallic conductor to the zinc, which had been 
negatively charged. The zinc being now positively charged, a fresh layer of 
zinc ions are again sent into the solution, which again leaves the zinc negative 
and charges the lead positively. If this operation is repeated a number of 
times it will be found that the zinc bar has lost weight, and that zine has 
accumulated in the solution. In this way the metal dissolves, but if the two 
metals are kept in contact the process is continuous. 

It is evident from Nernst’s theory that the metal cannot send as many 
ions into a salt of zinc as into the pure acid, because the osmotic pressure of 
the zinc ions already in solution opposes any further ions being sent in, and 
therefore the solution pressure is lowered. Hence a metal becomes less 
soluble as metallic ions accumulate. 3 

When the osmotic pressure of metallic ions in a solution is greater than 
the solution pressure of the metal, the metallic ions give up their positive 
charges and separate as atoms, 7.e. precipitate. The solution now becomes 
negative, due to loss of some of its positive charges, and we again have the 
double layer at the surface of contact between the metal and the solution, but 
this time in the reverse order ; that is, the solution is negative and the metal 
positive. There is therefore a similarity in the process of precipitation to 
that. of dissolution. : 

Anions and Cations.—When a current is passed through a salt solution, 
that part where the current enters the solution is called the anode or positive 
electrode, and the part where it leaves the solution is called the cathode or 
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negative electrode. The ions of the salt are directed by the current and are 
caused to move, the negative ions or anions going to the anode, and the positive 
ions or cations to the cathode. This action of the current is used to determine 
what part of a salt is the anion and what part is the cation. For simple metallic 
salts the metals are the cations and the remainder the anions. In bases, the 
hydroxyl] is the anion and the remainder the cation ; and in acids, hydrogen is 
the cation and the remainder the anion. When, however, we have complex 
compounds, these simple rules do not apply. Thus, for instance, K,FeCy, 
dissociates into K, as the cation and FeCy, as the anion, and KAuCy, into K 
and AuCy,. Iron and gold in simple salts are always cations, whereas in com 
plex cases they form part of the anions. These examples serve to show, what 
may be cations under one condition may be anions under another. 

Ions (anions and cations) may carry one, two, three or more charges of 
electricity, and are usually, from this property, spoken of as univalent, divalent, 
trivalent, and so on. Ions of the same chemical composition do not necessarily 
carry the same number of charges, but may under one condition be univalent, 
and under another divalent, and so on. Thus in KMnO, we have MnO, as 
the anion, which is univalent, but in K,MnO, we have also MnO, as the anion, 
which in this case is divalent. Also in K,FeCy, we have the anion FeCy, 
carrying four charges, but in K,FeCy, the anion, although still FeCy,, carries 
only three charges. Consequently the properties of the two compounds are 
different. 


CHAPTER EX: 
DISSOLUTION OF THE GOLD AND SILVER. 
Section I, 


Ir is well known that there are great differences in the solubility of different 
metals in the same solvent, and of the same metal in different solvents, but 
no satisfactory explanation has been put forward why these differences exist, 
and until this is done the process of dissolving metals must be regarded as 
imperfectly understood. Thus we know that platinum and iron are but 
slowly dissolved in potassium cyanide, whereas gold and copper are rapidly 
attacked. Also we know that gold dissolves in chlorine water, while it does 
not dissolve in nitric acid; and that silver dissolves in nitric acid, while it 
does not dissolve in chlorine water. 

What really causes a solution to dissolve one metal in preference to another 
is dificult to explain, but to answer our purpose in discussing the solvent 
action of a cyanide solution on gold and silver, we assume the hypothesis to be 
correct that to dissolve a metal a difference of potential must exist between 
two parts in electrical contact with its surface and in contact with the solvent. 
It is well known that a pure metal is less soluble in a solution than similar 
metal of commercial quality, and we assume that if the metal is perfectly 
pure and has a surface of uniform density it would not dissolve in a solution of 
uniform concentration, because it would then have no difference of potential at 
any two parts. It would then be said that the solution pressure of the metal was 
the same at all parts of its surface ; and in order that the metal may dissolve 
some alteration must take place, so that the potential at two parts of its 
surface may differ. 

Two conditions are possible to produce a difference of potential between 
metals or metallic substances: (1) different substances, or the same substance 
of different density in electrical contact in the same solution; (2) the same 
substance of uniform density in different solutions, or the same solution in 
different states of concentration (strength). 

The first case is the main source from which a difference of potential is 
derived in cyaniding the ore, by which gold is caused to dissolve and electric 
currents are produced. 

Gold is never found in nature in a pure state, but is always alloyed or in 
intimate contact with other metals, and is generally in contact with some sub- 
stance electro-negative in cyanide solutions to gold and silver, such as iron or 


arsenical pyrites. Thus if we take the case of a crystal of pyrites, A, fig. 12, 
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to which is attached a piece of gold B immersed in a solution of potassium 
cyanide, we find that the gold, being electro-positive to the pyrites, dissolves. 
The dissolving action produces electric currents, which are made possible only 
by having a negative electrode, e.g. the pyrites surface. The gold is there- 
fore the anode of a simple cell, and the pyrites the cathode. The currents 
take an innumerable number of paths, as a—2, through the solid electrode, and 
thence through the solution, as shown by the arrows, the action being 
identical with that described under Electrolytic Solution Pressure, page 59. 

In the second case we shall deal with a piece of gold not in contact 
with pyrites or other negative solid, but in contact with different solutions, 
or in solutions of different strengths. 

If A, B, fig. 13, represent the piece of gold, of which the end A is ina 
strong solution of cyanide and B in a weak solution, we then have the part in 
the strong solution of a different potential from that in the weak solution. It 


Fie, 12.—Auriferous Pyrites in a 


Cyanide Solution. Fie, 18,—Gold in Cyanide Solutions of 
different Strengths. 


will be found that the end A dissolves, and is therefore the anode, and the 
currents formed are led out of the solution at the end JB, or cathode. 

The conditions in this case do not obtain, in treating ores by the cyanide 
process, to anything like the same extent as in the former case. 

In both these cases we are dealing with short-circuited cells, identical with 
that formed in the process of dissolving gold and silver as contained in ores, 
but it would be impossible for us to make satisfactory investigations of the 
_ changes that occur while the two electrodes are in contact in this way. I, 

however, the anode and cathode are separated and short-circuited, by means of 
wires brought to the outside of the solution, with a suitable galvanometer 
intercalated, we have then a ready and accurate means at hand of noting 
electrical and chemical changes. 

Dissolving Investigations.—In fig. 14 we have similar conditions to 
those in the first case cited above, except that the pyrites A and the gold B 
are separated and connected through a galvanometer G by means of wires 
conducted outside the cyanide solution. Given the same size electrodes, the 
chemical and electrical changes are obviously identical, except perhaps through 
an alteration in the resistance of the circuit, the rate of chemical action is 
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varied proportionately. When contact is made between the electrodes and 
the galvanometer, the deflection indicates that a current flows from A to B 
through the wires, and thence through the solution from B to A. The 
measurement of the current strength gives us data from which we can 
determine the quantity of metal dissolved, and 
compare results with any change in the conditions. — 

Electro-chemical Changes.—It is assumed 
that the KCy in solution is ionised, either wholly 
or partly, into K cations and Cy anions, and 
that only ions take part in the dissolving action 
of the solution on the metal. When the cur- 
rent flows from the gold into the solution it 
takes positive charges, under the influence of 

Fic. 14.—Gold in contact with the Cy anion that conducts the current into the 
Pyrites in Cyanide Solution. solution, and negative electricity flows away 
through the connecting wires. At the same 
moment K cations reach the pyrites, giving up their positive charges. 
The gold as attacked apparently forms AuCy, and this dissolved by the 
diffusion of an excess of KCy present to form KAuCy,. The K atoms separated 
at the pyrites cannot remain in a free state in the solution, but instantly 
attack the water, liberating H and forming KOH. The hydrogen becomes 
occluded either wholly or partly by the pyrites electrode, and to some extent 
interferes with the further dissolution of the gold, as we shall see later. 

The Function of Oxidisers.—The value of oxygen or oxidising agents has 
been much discussed, and although a few have disputed the necessity of 
oxygen for dissolving gold in cyanide solutions, the consensus of opinion is 
that some form of an oxidiser is essential for the successful carrying out of the 
uyanide process. 


Elsner * stated in 1846 that gold is only dissolved by a cyanide in presence 
of oxygen, and at a later date an equation was given in Watt’s Dictionary of 
Chemistry to meet Elsner’s views as follows :— 


2Au+4KCy+0+H,0=2KAuCy, + 2KOH. 


J. S. Maclaurin + has made some interesting investigations on the effect of 
oxygen in dissolving pure gold plates in a solution of potassium cyanide, and 
he has come to the conclusion that—(1) “Oxygen is necessary for the dis- 
solution of gold in potassium cyanide, and no gold is dissolved in its absence” ; 
(2) “The ratio of the gold dissolved to the oxygen required for its dissolution 
is 196: 8, as demanded by the equation ” cited above. 

W. Bettel { floated gold leaf on a cyanide solution and excluded oxygen by 
a continual passage of a stream of hydrogen, when no gold dissolved. He then 
tried the effect of the addition of different oxidising agents, as K,FeCy,, 


* Erdm. Jour. Prak, Chem., vol. xxxvii. pp. 441-446, 1846, 


t Jour. Chem. Soc., vol. xviii. pp. 199-212, 1895. 
t S. African Min, Jour., May 8, p. 666, 1897. 
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KMn0,, N,O,, H,0,, Cl, Br, etc., when the gold dissolved, more or less, 
rapidly. 

J. S. Macarthur * says, “I never could find that the presence of oxygen 
was necessary, either to dissolve gold by itself or from ores by cyanide.” He 
says he has seen no evidence that oxygen is absorbed in the dissolving of the 
gold, and has no proof that hydrogen is evolved, but thinks the latter the 
more probable. 

S. B. Christy ¢ says that his investigations confirm the accuracy of the 
reaction attributed to Elsner, and asserts that ‘pure cyanide of potassium in 
pure water from which all other substances are excluded is entirely without 
action on metallic gold.” 

We have made some investigations on this subject, dealing with working 
cyanide solutions from which oxygen has been extracted, and gold as it exists 
in ores in contact with pyrites. We find that— 

1. The gold and silver are capable of dissolving at ordinary atmospheric 
temperatures and pressures to a limited extent, without the addition of oxygen 
or oxidising agents. 

2. For the continued dissolution of gold and silver at ordinary atmospheric 
temperatures and pressures, oxygen, or an oxidising agent, is desirable if 
not absolutely essential. 

3. At ordinary temperatures the atmospheric pressure has an indirect 
influence on the constancy of the dissolving action. 

4, Temperature has a direct influence on the dissolution of the metal, 
independent of the oxygen absorbed by the solution. 

5. The value of oxygen absorbed by the solution is dependent on atmos- 
pheric pressure, and to some extent on temperature. 

The following experiments illustrate the action and confirm to some extent 
the office of oxygen. In fig. 15 we have a 
similar apparatus to that already described. 
A is the pyrites and 6B the gold in a working 
cyanide solution, and these are connected by 
insulated wires to a galvanometer G. As has 
already been shown, a current is genorated by 
this combination, flowing from the pyrites 
through the galvanometer to the gold, and 
thence through the solution to the pyrites again, 
and so on. ‘Before making contact with A and B 
the galvanometer needle is brought to zero, and Fic. 15.—Gold and Pyrites in 
immediately after contact the deflection is noted. Cyanide Solution and the 

: : Effect of Oxygen. 

It will be observed that the needle returns again 

towards zero, at first rapidly and afterwards more slowly, until a point is reached 
when the needle remains nearly constant. Thus, in a case where the needle de- 
flected to 20 divisions on the scale at the moment of contact, it returned in a few 


* Jour. Soc. Chem. Ind., vol. ix. pp. 267-270, 1890. 
t+ Trans. Am. Inst. Min, Eng., Sept. 1896. 
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minutes to 10, and in half an hour to 4 divisions,—showing that the current 
was reduced to one-fifth, and showing also that the rate of dissolution of the 
gold was reduced in like proportion. If, now, a porous partition C be placed in 
the vessel in order to prevent the solutions surrounding the different electrodes 
from mixing, and if air or oxygen be blown into the solution at the gold 
surface B, little or no change takes place in the current; but if the air or 
oxygen be applied at the pyrites surface A, a sudden increase in the current 
takes place, and the needle returns to its original position of 20 divisions or 
thereabouts,—showing that the gold is again dissolving at the same rate as 
when contact was first made. From this simple experiment it may be 
surmised that oxygen has no direct action in the dissolution of the gold. 
From this and other experiments which we need not go into here, we have con- 
cluded that at ordinary temperatures and pressures oxygen plays a secondary 
part only, in the dissolving of the metals. 

What really happens is, that through the dissolving of the gold the current 
set up deposits hydrogen on the pyrites cathode, as already explained, which 
is then said to be polarised. This hydrogen has a solution pressure of its 
own, and opposes the solution pressure of the gold, which results in 4 falling 
off in the current strength as the hydrogen accumulates and becomes more 
concentrated. The effect of the air is to saturate the solution surrounding — 
the pyrites with oxygen molecules, which induces the occluded hydrogen to 
become ionised and enter into combination, forming (1) hydrogen peroxide 
and (2) water thus— 

(1) 2H+0,=H,0, 
(2) 2H+H,0,=2H,0 


A third reaction occurs between the oxygen and hydrogen ions to form 
water direct thus— 


So long as the flow of air bubbles is kept up, so long will the current remain 
constant and the gold continue to dissolve at a high and uniform rate. As 
the area of the gold surface diminishes so also will the current diminish, 
and in like proportion the weight of metal dissolved in a given time. 

The opposing solution pressure of the hydrogen varies with the amount of 
hydrogen occluded by the pyrites. Thus, when the hydrogen increases in 
density until its solution pressure is equal to that of the gold, dissolution 
must cease. In practice, however, this never occurs, for there is always a 
leakage of current, and consequently metal dissolved, due, we believe, to the 
oxygen dissolved in the solution continually combining with some occluded 
hydrogen. The affinity of hydrogen for oxygen is greater than that of gold for - 
cyanogen, and it follows, if oxygen is available to oxidise the deposited hydro- 
gen, dissolution of the gold can go on, but if no oxygen is available, the 
opposing forces soon balance each other and dissolution of the metal must 
cease. 
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The reason why the air, when applied to the surface of the gold, does not 
increase the dissolving action, is simply that, at that electrode it has no 
function to perform. 

Oxidising agents have the same effect as air or oxygen gas to a greater or 
less extent, but the chemical changes that they bring about vary with the 
oxidiser. They all, however, accomplish the same end, which is to depolarise 
the negative electrode by combining with hydrogen as deposited. 

It is thought by some chemists that base metals and minerals dissolve in 
the absence of oxygen, but that gold and silver dissolve only in its presence. 
As a matter of fact, all difficultly soluble metals, and for the most part metallic 
minerals, only dissolve to an appreciable extent, under ordinary atmospheric 
changes, in the presence of oxygen or an oxidising agent; the reason being 
chiefly that their solution pressure is too small to overcome the opposing 
electromotive force due to deposited hydrogen at the cathode, whereas the 
more oxidisable metals produce sufficient energy to overcome this opposing 
electromotive force, and can therefore proceed to dissolve even in absence of 
oxygen. The presence of oxygen, however, indirectly makes all metals more 
soluble. 

The action of oxygen may be better understood from the following 
experiments :—Oxygen and hydrogen gases when mixed in a flask may be kept 
for an infinitely long time without chemically combining, but if a piece of 
moist platinised platinum be introduced into the mixture, union takes place 
and some water is formed. A similar action occurs if one piece of platinised 
platinum is charged with H and a second piece with O, and then short- 
circuited by a wire and immersed in water. A current is set up, flowing from 
the O electrode through the wire to the H, and thence through the water, 
the result being a union of the H and O, forming water. When the operation 
is conducted in presence of air, traces of H,O, are also formed, and if air be 
blown through the solution, the amount of H,O, formed is much increased. 
Again, if the two plates are connected with a primary cell and air is blown 
through the solution at the cathode, a considerable quantity of H,O, may be 
detected ; and finally, if the source of the current be a dissolving metal in the 
solution and air be blown into the solution at the cathode, the same action 
~ takes place, z.e. the formation of H,0,. 

Now, when H,0, is in contact with a cathode charged with H, one atom of 
the O combines with two atoms of the occluded H to form two molecules of 
water. 

When dissolving gold in a clean cyanide solution in contact with pyrites, 
we have always been able to detect H,O, in the solution, particularly in that 
part surrounding the pyrites, but the quantity formed varies widely with the 
impurities in the solution. Bodlaender* dissolved gold rapidly in an aerated 
solution, and not only detected the presence of H,O,, but also estimated a large 
quantity of that produced. | 

The action may be explained by the H occluded at the electrode exerting 

* Zeit. angew. Ch., p. 583, 1896. 
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its solution pressure, which in the presence of O molecules is induced to break 
down into ions, two H ions combining with one O molecule. When, how- 
ever, the conditions admit of O ions also being formed, as in the case above 
cited, or when a metal capable of occluding both gases is immersed in water, 
and a mixture of oxygen and hydrogen are caused to bubble through the 
water in contact with the metallic surface, the reaction becomes ionic and 
water is formed with only traces of H,O,. 

The action of the air being entirely local, it cannot interfere with the current 
between the gold and pyrites electrodes, but as the hydrogen becomes ionised 
and oxidised, the current increases, by reason of removing the opposing electro- 
motive force. In dry gases no such actions can take place, as the gases cannot 
become ionised, and therefore cannot combine. 

The action of air or oxygen may be retarded, or entirely stopped, by the 
presence of reducing agents in the solution. 


(eA hoe 
DISSOLUTION OF THE GOLD AND SILVER. 
Section LI, 


The Effect of Reducing Agents.—Potassium cyanide and alkali of com- 
mercial quality usually contain sulphides that act as deoxidising agents 
when in solution. J. Lovy* made some determinations of K,S + NaS in good 
commercial cyanide, and found that it contained only 0°37 per cent., and that 
gold leaf dissolved just as quickly in a 0°5 per cent. solution of this salt as in 
a similar strength cyanide free from sulphides. He is of opinion, however, 
that higher percentages of sulphides may alter matters materially. A. F. 
Crosset says,—‘The conclusion I am forced to arrive at is that alkaline 
sulphides are not injurious when present only in very small quantities, if 
proper regard is had in the use of the cyanide solutions to the aeration of the 
solution ; but a very small quantity of such sulphides may be injurious under 
conditions unfavourable to aeration of the cyanide solutions.” This is certainly 
true, but if the solution is properly aerated, sulphides can no longer exist. 

Sulphides are sometimes introduced into the solution with alkali added to 
protect the cyanide. Good commercial caustic soda often contains a small per- 
centage of Na,S and ferro-sodium sulphide. 

We have made some investigations on the effect of small quantities of Na,S 
added to a 0:25 per cent. cyanide solution when used for dissolving gold and 
silver. Table XVI. gives the results. The weight of gold dissolved in a clean 


TasBLE XVI. 


Wa.S added | Helstive Dissolving Power. 


per ton Solu- 


ve 
tion in grms. Cold. strats 
0 100 55 
5 66 42°6 
20 57°7 39°6 
40 53°4 39 
80 52 39 
280 50°6 39 


solution is taken as 100. That is its dissolving power, and the other figures 
‘represent the dissolving powers in terms of that solution. 


* Proceed. Chem, and Met. Soc. S. Africa, vol. i. p. 87. t Ibid., vol. i. p. 89. 
69 


70 CYANIDING GOLD AND SILVER ORES. 


These results have been plotted in fig. 16, and the two curves placed 
beside each other for comparison. It will be interesting to note that the 


Units by weight of Gold and Silver dissolved in equal spaces of time. 
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Fic, 16.—The effect of Sodium Sulphide in a 0°25 per cent. KCy Solution on the 
rate of dissolution of Gold and Silver. 


solubility of silver is not affected to anything like the same extent as gold. In 

weaker cyanide solutions the silver becomes more affected and the gold less. 
Many cyanide men have experienced that when a new solution has passed 

through an ore containing sulphides, tellurides, and other minerals, it is no 
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longer capable of dissolving the same quantity of gold in the same time as the 
original solution, although containing the same percentage of cyanide. 

In order to prove that this action is real and not imaginary, and may be 
traced to some change in the solution, the following experiments were made. 
A well mixed sample of concentrates from the Main Reef series, Witwaters- 
rand, containing chiefly iron pyrites (pyrite and marcasite), was divided into 
eight equal parts, and each part was placed in a separate treatment tank. 
These were then thoroughly washed, each in the same way, and a cyanide solu- 
tion 0°3 per cent. equal in weight to the ore was slowly passed through No. 1 
tank with a measured quantity of air. The filtrate was then passed on to 
No. 2 tank, and so on through all the eight tanks, each having been dealt 
with in identically the same way as No. 1. The results are given in Table 
XVII. 


Taspue XVII. 


Assay Value of Originals, 92 dwts. Gold, 


. Assay Value Gold 
ae : a pau of Residues,| percent. 
; ee ; dwts. ! extracted. 
1 0°3 rail) 70 
2 0°3 36°55 60°3 
3 0°3 45 spat 
4 0°3 51°24 44°3 
5 0°3 56'9 38°2 
6 0°3 59 35°9 
7 0°3 60°7 34 
8 | 0°3 60°6 84°] 


The solution had lost cyanide in passing through the tanks of ore, but was 
in each case made up to the original strength, 0°3 per cent., before passing on 
to the next tank. The solution was applied with a sprayer at a uniform rate, 
which gave it a better opportunity of taking up oxygen than would be obtained 
in practice. The time of treatment in all cases was the same, and, as far as 
practicable, identically the same method of procedure was maintained through- 
out. The residues were washed with a superabundance of air-free water before 
assaying. It is noteworthy, that in these experiments the volume of air passed 
through the ore with the solution has to be regulated and maintained alike 
in each case, or the results become erratic. The larger the volume of air used 
the worse is the resulting filtrate for re-use in dissolving gold and silver, but, as 
a rule, the better is the extraction of the metal from the ore treated. 

It often happens that silver predominates in an ore, and it seemed 
probable that with such an ore, the above changes in the solution would have 
even a more marked effect. We have therefore treated a mispickel ore, in 
which silver predominates, identically in the same manner as the case above 
cited, except that the solution contained 0-4 per cent. cyanide. The results 
are given in Table XVIII. 
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The ore was one that was particularly suitable for treatment by the 
cyanide process, for by repeated treatments with clean cyanide solution 
98:8 per cent. of the silver was extracted and about 80 per cent. of the gold. 

That a change takes place in the solution in leaching the ore is beyond 
doubt, but what that change is requires investigation. After passing through 
eight tanks the solution in each case was of a dingy brown appearance. 
This changed to an amber tint after standing in contact with air and direct 


Taste XVIII. 


Assay Value of Originals 18°3 dwts. Gold. 
or) ” 33 60°1 ar Silver 


Ne or Geanvie Silverin = 1 '¥er tent, Gold in Per cent. 
rE y' t Residues, | Silver Residues, Gold 
Tank. Sat Ba gt dwts. | extracted. dwts. extracted. 
1 0°4 18 70 6°3 65 
2 0°4 Paes 58°2 11°85 35 °2 
3 04 30°36 49°4 12°88 29 6 
4 0°4 34°8 42°1 13°5 26°2 
5 0°4 38°8 36°3 14°2 22°4 
6 0'4 42 30 14°44 pA te | 
7 0°4 42°6 29°1 14°5 20°9 
8 0°4 42 30 14°6 20°3 


\ 


sunlight for about a week, but on adding an oxidising agent to a portion 
the change of colour was complete in a few minutes. 

The solution in the first case, which had been a week in contact with 
air and sunlight, was then strengthened to 0°3 per cent. cyanide and passed 
through a ninth tank of the same ore in exactly the same way as the other 
eight solutions. The assays showed an extraction of 66°6 per cent. of gold 
as against 70 per cent. with the new solution. It would therefore appear 
that the solution had almost recovered its original dissolving power. 

In the second case the solution was immediately treated with Na,O, and 
strengthened to 0:4 per cent., and within half an hour was applied to a 
ninth tank of ore, resulting in an extraction of 65:8 per cent. silver and 60-2 
per cent. gold. From these experiments we may conjecture that reducing 
agents are accountable for the loss in dissolving power of the cyanide solution, 
and that this power may be regained by the addition of oxygen or oxidising 
agents. 

Removal of Reducing Agents.—It is supposed that the reducing agents 
present which cause loss in dissolving power of the solution are alkaline 
sulphides, but it is probable that other reducing agents are also accountable 
for the action. If sodium sulphide is dissolved in water it slowly changes, 
in contact with air, to caustic soda and thiosulphate of sodium. The 
necessary oxygen for this change must come from that dissolved in the 
solution. The oxidising of Na,S into Na,S,O, by this means is retarded by 
the presence of caustic soda in excess, but hastened in presence of a car- 
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bonate or CO,. When an energetic oxidiser, as O, or H,O, is employed the 
same action takes place, but the oxidation is more complete, forming finally 
Na,SO,. 

If cyanides are present in the above solution a small portion also becomes 
oxidised by the action of the air, and with more energetic oxidisers the 
amount may be much increased. With weak solutions the loss from this 
source is, however, not sufficient to be a matter of importance. A little of 
the sulphur combines with the cyanide to form thiocyanate, but this com- 
pound does not appear to have any retarding influence on the dissolving of 
gold and silver. 

The oxidising of sulphides introduces into the solution compounds that 
may not have any marked influence on the dissolving power of the cyanide, 
but the increase of salts in the solution, even inert salts, is generally un- 
desirable. Attempts have been made to remove the sulphur as insoluble 
compounds, and in March 1893 J. 8S. Macarthur and C. J. Ellis patented the 
addition of a lead salt to the solution, which had for its object the removal 
of sulphur as insoluble lead sulphide. Other desulphurising agents were 
also suggested. This method will remove excess of sulphur, but its action, 
when only traces of sulphides are present, as is usually the case, is not 
very effective. Even after the most complete precipitation of sulphur, the 
solution should be thoroughly aerated or treated with an oxidiser before 
it is used. 

The Application of Oxidisers,—In 1890-91 Julian made a large number 
of experiments on the use of air blown through working solutions, and on 
the addition of more energetic oxidising agents, for the purpose of facilitating 
the dissolution of gold in ores. The results were so promising that in February 
1892 he covered the use of air blown through the solution, and of the use of 
the more energetic oxidising agents for this purpose, by Transvaal patent 
No. 335. About the same time C. Moldenhauer, of Frankfort-on-Maine, was 
experimenting in the same direction, and patented in the United States in 
the same month and the same year the use of ferricyanide of potassium 
as an oxidiser in conjunction with potassium cyanide, to hasten the dissolving 
action on gold and silver. It was supposed at that time that the only use 
of oxidisers was merely to supply the oxygen direct for the so-called Elsner 
reaction instead of taking it from the air; but we now know that the direct 
use of oxidisers for dissolving purposes has a very limited application, and 
that their chief value lies in oxidising reducing agents in the solution. 

Julian experimented with a large number of organic and inorganic oxidisers, 
and it was found that many are undesirable, owing to their forming soluble 
compounds that increase the density of the solutions, and in some cases 
forming complexes with the cyanide of no value in the process. This increase 
of density has generally the effect of decreasing the solubility of the metal, 
by offering greater resistance to the diffusion of the dissolved oxygen 
molecules. It is therefore advisable, when employing oxidisers, to select one 
that introduces only oxygen or oxygen and water. The more energetic 
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oxidisers, as KMnO,, Na,O,, O,, etc., oxidise cyanide to cyanate, and facilitate 
the formation of some complex compounds, but in very dilute solutions this 
action is not marked. 

The solution should be charged with oxygen before being applied to the 
ore, and reducers oxidised as completely as time will admit. This may be 
done by blowing in air vigorously for a few minutes at intervals of an hour, 
but the action is slow, and in cold weather it may take some days, in this 
way, to render reducers inert, and saturate the solution contained in large 
tanks. If the operation is kept up continuously a considerable volume of 
HCy may be carried off, besides being a source of unnecessary expense. 
Another method is to pump the solution from one tank to another, employing 
a pump with a leaky suction pipe. Air is then drawn in with the solution 
and a thorough mixture ensured, especially if the pump is one of high 
velocity, like those of the centrifugal type. The selection of methods must, 
however, be largely governed by cost. Both the above methods have the 
advantage of thoroughly mixing the solution and making it of uniform strength. 

Probably at no works is sufficient time allowed to completely oxidise all 
reducing agents and re-charge the solution with oxygen by the above methods 
alone, and from diagram fig. 16 it will be seen how injurious is even a mere 
trace of sodium sulphide. Where time of treatment is not a matter of 
importance, the oxidation of sulphides is not so necessary, for if the dissolving 
power of the solution is reduced by their presence, we have only to increase 
the time of treatment in the inverse proportion. It is noteworthy that in 
works where the sump capacity is small, high residues much more often occur 
than in works where the capacity is large. This may be accounted for by 
the solution being longer in contact with the air before it is applied to the 
ore, thereby preventing the accumulation of reducers. 

Oxidisers are sometimes added as solution to the ore before applying 
the cyanide solution. This is found beneficial when the ore has become 
partly oxidised, and in the case of slime treatment by agitation. Some of 
the more easily soluble mineral compounds are then made less soluble in 
the cyanide solution. 

Strong oxidisers, as originally patented by Julian and Moldenhauer, have 
been applied to the treatment of tailings and concentrates in many parts of 
the world, and for the most part, with the former material, have not proved 
economically beneficial. In 1894 Sulman and Teed brought to the notice 
of cyanide men the use of a halogen compound of cyanogen, as BrCy, in a 
cyanide solution for hastening the dissolution of gold and silver. The com- 
pound is now in use at several mines, particularly in W. Australia. There 
has been much discussion as to the action of BrCy, and we have made some 
investigation on the subject. We find that its only action of value is that 
of an oxidising agent. It has been stated by Sulman and others that it 
liberates cyanogen. This it probably does, like other oxidising agents, 
but, as pointed out by W. Skey,* ‘aqueous solutions of cyanogen do not 

* Eng. and Min. Jour., page 163, 1897. 
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exert the least solvent action on gold and silver.” The liberating of cyanogen 
is really a weak point in the use of strong oxidisers, which will be seen from 
the reaction— 

Cy, +2KOH=KCy + KCy0 +H,0 
The reactions of value that occur are similar to other oxidising agents, such 
as K,FeCy,, KMn0O,, etc., and are probably for the most part as follows :— 


2BrCy + 2KOH =2KBr + HCy + HCyO+0 
or with excess of KOH, 
2BrCy + 4KOH = 2KBr+ KCy + KCyO+ 2H,0+0 
with KCy, 
2BrCy + 2KCy + 2H,0 = 2K Br+2HCy +2HCyO+0 
or with KCy and an excess of KOH, 
2BrCy + KCy + 4KOH =2KBr + 2KCy + KCyO +2H,0 +0 


The effect of this and other oxidisers may be demonstrated by the use of 
apparatus fig. 15, when it will be found that no action takes place if the 
oxidiser is applied to the gold surface, but if applied to the pyrites surface 
a strong current is generated, and consequently a rapid dissolution of the 
gold must occur. 

The value of strong oxidisers when applied to ores is determined largely 
by the velocity of the reaction. Those which have too high a velocity 
become wasted through the oxygen being liberated faster than it is wanted 
to combine with the depositing hydrogen. The liberated oxygen then destroys 
part of the cyanide. It is obvious that the ideal oxidiser is one by which 
the oxygen is liberated just at the rate required to combine with the deposited 
hydrogen. There must, however, always be a large excess of oxygen, as 
we can never ensure the liberation to take place at the right point, but must 
rely on diffusion. 

It is obvious from the above conclusions that it would not be economical to 
apply strong oxidisers to an ore direct, as, owing to the rapidity of the reaction, 
the effect lasts too short a time to facilitate the dissolution of the gold to 
an appreciable extent. When the gold is coarse, it must have a considerable 
time allowed to dissolve, and any oxygen given off beyond that necessary 
to combine with the hydrogen generated by its dissolution cannot be of 
service, but may be a source of retarding dissolution, through destroying 
cyanide. The only case in which strong oxidisers can be of benefit, when 
applied to an ore direct, is where the gold is in an extremely fine state of 
division and can dissolve rapidly, as in the treatment of slimes by agitation, 
a case in point being the telluride ores of W. Australia. 

If an oxidising agent is applied to an ore dealt with by percolation, one 
should be selected that gives off oxygen slowly, as MnO,, BaO,, PbO,. 
These all act as depolarisers, the former being the slowest and the latter 
the most rapid. The peroxides of the alkalies or combinations of H,O, are 
better employed in oxidising reducing agents in the solution before applying 
to the ore. 
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In some ores the gold is so easily dissolved that no marked disadvantage 
is observed in using solutions of low dissolving efficiency, for the reason, as 
pointed out by C. Butters and W. Bettel,* that it takes the best part of 
three days to wash out the gold, after it is dissolved, from a tank of ore, 
and as the washing out is done with a cyanide solution, the dissolving of 
the gold proceeds at the same time. Hence if a solution were used of 
such a high efficiency that the whole of the gold was dissolved in one day, 
a solution of only half that efficiency would theoretically answer as well 
if the washing out of the dissolved gold took two days. In practice, however, 
by using clean solutions of high efficiency, we can rely on uniformly good 
results, whereas with solutions of low efficiency, the results are usually erratic, 
even with the simplest class of ore. 

When dealing with refractory ores, and especially those containing much 
silver, it often takes a long time (sometimes three or four weeks) to dissolve 
the gold, whereas, when the solution is kept up to its highest state of efficiency, 
the time required may be less than half, and the results more uniformly 
good. 


* Proceed. Chem. and Met. Soc. S. Africa, vol. i, pp. 381-332, 


CHAPTER xi, 
DISSOLUTION OF THE GOLD AND SILVER. 
Section ILI. 


Strong and Weak Solutions.—The solubility of gold and silver in cyanide 
solutions is dependent, at ordinary temperatures and atmospheric pressures, 
on two main factors: (1) the number and velocities of the migratory ions 
and oxygen molecules that take part in the dissolving of the metals; (2) 
the difference of potential between two parts of the metallic surface in contact 
with the solution. Now, within working limits, the stronger the solution 
the greater is the number of dissociated molecules or ions in it, but at the 
same time the more viscous does it become. Increase in viscosity means 
greater resistance to the movement of the ions and molecules, and therefore 
the stronger the solution the slower will be their movement. For this reason 
no proportionality can exist between the strength of the solution and its 
dissolving power. This will be better understood by reference to fig. 17. 
Let the vertical axis on O A represent equal unit weights of metal dissolved 
in equal spaces of time, and the horizontal axis on O B represent the percentage 
strength of the cyanide solution. Then if the weights of metal dissolved 
were in proportion to the strength of the solution, the straight line O C would 
represent the weights of metal dissolved by the solutions of different strengths, 
but from a set of experiments the curve OD was found to represent the 
weights of metal dissolved. For example, if the weights dissolved were in 
proportion to the strengths of the solutions, 6 c, which is 50 units, would 
represent the weight of metal dissolved in a 0:5 per cent. solution, but it 
was found that the actual weight dissolved was only about 25 units, equal 
to bd. Therefore d c, equal to 25 units, shows the decrease in the dissolving 
power, due chiefly to the increased viscosity of the solution. As might be 
expected, the more dilute the solution the nearer does the dissolving power 
approximate to proportionality. Thus it will be seen that for solutions more 
dilute than 0:1 per cent., the curve O C nearly follows O D. 

Maclaurin * made some interesting experiments to show how the viscosity 
of a cyanide solution affects the solubility of gold and silver. He found 
that the amount of metal dissolved in strong solutions was less than the 
quantity of oxygen absorbed appears to demand, and he thinks that this points 
to a retarding action by the salt molecules to the motion of the oxygen 
molecules. 


* Jour. Chem. Soc., vols. lxvii., lxviii. p. 208. 
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The potential difference between the gold and the electronegative surface 
varies with the latter, although the chemical changes are the same in the 
same solution. Thus the potential difference between gold and iron pyrites in 
a cyanide solution is different from the potential difference between gold and 
galena, although in both cases the gold dissolves, forming KAuCy,, the differ- 
ence being that the one of the greater potential difference dissolves the faster. 


Polarisation.—In the above we have assumed that there is no polarisation, 
or rather that the hydrogen is oxidised as fast as it is deposited at the 
negative electrode. In practice, however, polarisation always takes place, 
and we have to deal with matter from a practical point of view. The time 
of polarisation varies with the relative sizes of the electrodes, that is, with 


0 0 20 30 0 50 60 70 80 90 A 


Fic. 17.—Ratio of Weight of Metal dissolved to strength of Solvent, 


the relative surface areas of the gold and pyrites or other negative substance 
in contact with the solution, also it varies with the percentage of oxygen absorbed 
by the solution, and with the resistance offered to the motion of the oxygen 
molecules in the solution. As we are not capable of determining the values of 
all these factors, and also as they are constantly varying during the dissolution 
of the metal, it is not possible to obtain data that represent the loss in 
solubility of the metal due to polarisation, when treating ores with solutions 
of different strengths. 

What we know, however, is that the stronger the solution the quicker 
does the electrode polarise, and the greater the negative or pyrites surface, 
or the smaller the gold surface, the slower does polarisation take place. Also, 
the stronger the solution the greater is its viscosity, and the more viscous 
the solution the greater is the resistance offered to the diffusion of the oxygen 
molecules through it, therefore the slower is depolarisation. 
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It is evident there must be a solution of a maximum strength with a 
minimum resistance to the oxygen molecules. This would have a maximum 
dissolving power, but the strength must necessarily vary with different sets 
of conditions. In practice no set of conditions remains constant, but changes 
during the dissolving of the gold, and changes with ores from different mines, 
or even the same mine. It is therefore possible only to find a solution 
that is a rough approximation to one of maximum dissolving power. This 
can so far be found only in an empirical way, and must obviously vary widely 
in different localities. 

Physical effect of Strong and Weak Solutions.—In practical work the 
strength of the solution was found, in some cases, to have a marked physical 
effect on the dissolving of gold and silver. This is most noticeable in ores 
containing a preponderance of silver over gold in presence of sulphides. 
Thus it was found that when employing a weak solution of 0°15 per cent. 
KCy a maximum extraction pomt of 66°6 per cent. silver was reached, and 
even when the solution was afterwards strengthened to 0°5 per cent. the 
additional extraction was very small. When, however, the first solution 
applied was 0°5 per cent., and afterwards weaker solutions were used, the 
extractions were always over 90 per cent. 

It is surmised that the weak solution produced a hard insoluble film of 
sulphide over the surface of a portion of the metallic silver particles, which 
prevented even the strong solution from attacking the silver, whereas, when 
the strong solution was used at first, the sulphide adhered as a loose slimy 
deposit, which did not prevent the weaker solutions afterwards attacking the 
metallic silver. A hot solution produces the same slimy deposit, even when 
the solution is weak. | 

Comparative Solubility of Metals and Minerals in Cyanide Solutions.— 
J. S. Maclaurin* made some interesting investigations on the solubility of 
gold and silver in strong and weak cyanide solutions. He dealt with plates 
of pure gold and silver, and found that the rate of dissolution of both metals 
varies with the strength of the solution, being small for strong solutions, 
and increasing as the solution becomes weaker until a maximum at 0°25 
per cent. KCy is reached, and then again diminishing. 

Maclaurin used pure gold plates, in which case the difference of potential 
between the dissolving part or anode, and the polarisable part or cathode, 
is a minimum. Under such circumstances the rate of dissolution of. the 
gold must be small, as its electro-motive force is soon balanced by the 
opposing electro-motive force of the deposited hydrogen, and all action would 
cease unless oxygen molecules struck the polarised part and effected oxidation 
of the hydrogen. In dealing with a pure gold plate in a cyanide solution, 
we have found that the maximum difference of potential, at any two parts 
of its surface, is 74, to zd> of the difference of potential between gold and 
marcasite. This accounts for pure metal being much less soluble than gold 
in ores. 

* Jour. Chem. Soc., vols, lxvii., lxviii. pp. 199-212, 
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In ores, we have never such a set of conditions as those in Maclaurin’s 
investigation, for we usually find a small speck (often microscopic) of gold 
and silver in contact with a comparatively large negative area of pyrites 
or other mineral. In this case we havea much greater difference of potential, 
which causes the rate of dissolution to be proportionately greater. Complete 
polarisation never occurs while oxygen is present in the solution, for when 
the negative area is large compared with the gold, it polarises more slowly, 
and favours depolarisation by meeting with a larger number of oxygen 
molecules than if the reverse was the case. Also the gold and silver particles 
are often so small, compared with the pyrites surface, that the metals dissolve 
completely before polarisation has any appreciable effect. We have found 
that with positive and negative electrodes of the same size, the time of 
practically complete polarisation between two pure gold electrodes was under 
one minute, whereas, under the same conditions, where the electrodes were 
gold and iron pyrites, polarisation was not complete in half an hour. 

In dissolving pure gold and silver plates in a cyanide solution, the amount 
of oxygen dissolved has a very sensible effect on the solubility of the metals, 
but in the case of ores, where large negative and small positive surfaces — 
present themselves to the solution, the effect of oxygen is not so marked, 
and in fact varies but slightly within comparatively wide limits. The large 
excess of oxygen becomes, in the latter case, used up in oxidising impurities 
dissolved in the solution, such as sulphides. We therefore do not get the full 
benefit of the oxygen for depolarising purposes. 

Much confusion exists in the minds of cyanide men and others as to the 
meaning of the expression ‘comparative solubility of metals.’ We treat 
it as meaning the comparative weights of metal dissolved from surfaces of 
equal area in the same time and under the same set of conditions. It is 
often confounded with the energy with which a metal is attacked by a 
solution, whereas in reality there is no proportionality between the two. 
Thus it is often said, because of the energy displayed in dissolving, that 
aluminium in a cyanide solution is more soluble than zinc, and zinc is more 
soluble than copper, but from experiment we find that, under similar 
conditions, the weights of these metals dissolved are in the order 1, 3, and 
2 respectively, while the ratio of the energy produced is about 100, 93, and 
84 respectively. 

It was thought by some metallurgists that the proportion of gold and 
mineral matter of the ore dissolved in a weak solution, differed from the 
proportion dissolved in a strong solution. That is to say, that the ratio of 
gold to pyrites dissolved in a weak solution differs from the ratio of that 
in a strong solution. We have made some investigations on the subject, 
and find that this is not the case, but that the same proportionality exists 
with solutions of all strengths within working limits. The data obtained 
are given in Table XIX. The first vertical column gives the order of 
solubility, and the other vertical columns give the ratios of solubility in 
solutions of strengths indicated at the top of each. The horizontal rows 
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Units by weight dissolved in equal spaces of time. 


Fic. 18.—The Solubility of Metals and Minerals commonly met with in Cyaniding Ores,—showing the ratios of weights dissolved in solutions ranging from 0 to 1 per cent. KCy, and the dissolving efficiency of KCy per unit of 0°01 per cent. 
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DISSOLUTION OF THE GOLD AND SILVER. 8] 


of figures indicate the ratios of the weights of metal or mineral dissolved in 
solutions of the different strengths, from surfaces of equal area in equal 
spaces of time. These results are shown graphically in fig. 18. 

As might be expected, the results obtained with the minerals varied widely 


TABLE XIX. 


Per cent. KCy. 


Order of 
Solubilities. | | 
1 09 0°8 07 0°6 0°5 0'4 0°3 0°2 O11 | 0°05 


AIC, =, ; ; 282 270 252 248 227 209 190 166 13 100 71 


Goid, 2 P 230 220 210 198 185 170°5 | 154 135 112°5 82°5 | 58 
Silver, “ 5 - 127 1206 | 116 109°5 | 102 94 85 75 62 45°5 | 32 
Lead, - : 121 116 110°5 | 104 97 90 81 71 59 43 31°8 
Copper pyrites, 5 101 96°6 92 87 81 75 67°5 60 50 36 25°5 
Charcoaliron, . 62 59 56 53 50 46 41°5 36°5 30°3 22 155 
Pyrite and castiron, 50 48 45°5 43 40 37 33°5 29 24°5 18 12°5 
Galena, . p 32 80°6 29 27°6 26 23°77 21°4 18°8 15°6 ass 8 
Tron rust, i - 20 19 18°2 17 16 14°8 13°3 11°8 9°8 7 5 
Mispickel, i A 13 12°4 11°9 11°2 10°4 9°6 8°7 7°6 62 4°8 3°2 
Marcasite. . : 0 0 0 0 0 0 0 0 0 0 0 
Efficiency of KCy 


rt 0°096 | 07102} 0°109 | 0°118 | 0-129 | 0°142 | 0°160 | 0-188 | 0°234 | 0°344 | 0°483) 
| 


per unit, 


with samples from different localities, and therefore an average sample was 
dealt with. Of the more common metallic minerals, marcasite was found 
to be the least soluble in cyanide solutions. The solubility of the other 
substances is therefore given in terms of this mineral, which is regarded 
as insoluble in all the solutions. This assumption is, of course, not strictly 
accurate, but gives us a basis for comparison. 

‘The figures were obtained under conditions that produce no polarisation. 
This is essential for purposes of comparison, as it would be difficult, if not 
impossible, to maintain the same degree of polarisation during each successive 
set of determinations. A large number of the values were obtained from actual 
experiment, and the others were determined by calculation. 


TABLE XX. 


Per cent, KCy. 


1 0°5 0°25 0'1 0°05 0°02 0°01 0:005 


Gold, . » | 0°00650 | 0°00670 | 0°00684 | 0°00675 | 0:00666 | 0°00613 | 0°00345 | 000030 


Silver, - | 9700395 | 0°00400 | 0°00410 | 0°00396 | 000380 | 0°00285 0°00213 | 0:00040 


Maclaurin* made a number of determinations of the solubility of gold 
and silver in solutions containing percentages of cyanide similar to the 
above. Table XX. are his figures, arranged for comparison. 

* Jour. Chem. Soc., vols. lxvii., 1xviii, pp. 199-212. 
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By Maclaurin’s method of making these determinations it would have 
been impossible to prevent polarisation, although he took the precaution of 
giving motion to the plates, and of keeping the solution charged with oxygen. 
In dealing with pure gold or silver plates in a cyanide solution, without 
being in contact with anything more electro-negative, the difference of 
potential between any two parts of their surface is so small that an 
infinitesimal amount of hydrogen deposited on a part of its surface reduces 
the solubility in a marked degree. It would be expected that this deposition 
of hydrogen would have less effect in a weak solution, as the oxygen meets 
with less resistance, and therefore diffuses more readily to the part where the 
hydrogen is deposited, and effects depolarisation. The solubility in the weak ~ 
solution should therefore approximate to that when no polarisation occurs, 
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Fig. 19.—Maclaurin’s Curves, showing Solubility of Gold and Silver plates in solutions 
ranging from 0 to 1 per cent. KCy. 


but as the solution becomes stronger the resistance to the movement of the 
oxygen molecules increases, and consequently the solubility of the metal 
decreases. This is really what occurs, as shown by Maclaurin’s results, which 
we reproduce graphically in fig. 19.* 

We are not able to place these curves beside the curves in fig. 18 for 
want of data to determine the scale, but we give them to show the general 
direction the solubility of the metals takes in an extreme case, that is, when 
the gold and silver occur in ores without being in electrical contact with 
a more negative substance. When the gold and silver are in very fine states 
of division and in electrical contact with a comparatively large negative area, 
as pyrites, the general direction of solubility approximates to that given 
in fig. 18. 


* Jour. Chem. Soc., vols, lxvii., lxviii. p. 206. 
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Fre, 20.—The Solubility of Gold and Silver,—showing the ratios of weights dissolved in solutions ranging from 0 to 0°1 per cent. KCy, and.the dissolving efficiency of KCy per unit of 0°1 per cent 
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We have made a number of exact determinations of the solubility of gold 
and silver in very dilute solutions, in a similar manner to those given in Table - 
XIX. The results are given in Table XXI., and are shown graphically in 
fig. 20 on an enlarged scale. 

Efficiency of Strong and Weak Solutions.—On Patviae Tables XIX. and 
XXI. it will be seen that there is no proportionality between the weight of 
metal dissolved and the percentage strength of the solution. Thus a 0-01 
per cent. solution dissolves 24 of gold, whereas a 0:1 per cent. solution, ten 
times as strong, dissolves only 82°5 in the same time, and a 1 per cent., or 
one hundred times as strong, dissolves only 230 parts instead of 2400, as 
would be the case if proportional. 

Therefore the weaker the solution the greater is its efficiency per molecule 
of KCy dissolved, but in practical work this rule can easily be carried too far. 
A solution that would have a maximum dissolving power and a maximum 
efficiency per molecule of KCy is what we desire for working strength. 
This can, however, be arrived at only in an empirical way, as the factor 
time has to be taken into account.* Let us assume 0-01 per cent. as a 
minimum working strength and call this the working unit; we may then 


TaBLE XXI. 


Per cent. KCy. 


Order of 
Solubilities. 


O71 | 0°09 | 0°08 | 0°07 | 0°06 | 0°05 | 0°04 | 0°03 | 0°02 | 0°01 


Gold, . . | 825 | 785 | 74 | 69-25] 64 | 58 | 51°5 | 44:5 | 35-5 | 24 
Silver, . . | 45°5| 433) 40°8 | 38-2 | 35°3| 32 | 28-4) 24:6| 19°5 | 13-2 


Efficiency of : : : : ; an 
KCy per unit f 0°344 | 0°368 | 0°385 | 0°412 | 0°444 | 0°4838 | 0°536  0°618 | 0:740| 1 


easily obtain the dissolving power per working unit of KCy, by simply 
dividing the given ratios of the weights of metal dissolved by the number 
of working units in the strength of the solution. Thus, in the case of gold, 
Table XXI., the weight of metal dissolved in a solution when the strength 
is unity (0°01) is 24, and we may call the dissolving efficiency of this solution 
24. Ina solution of 0-1 per cent., which contains ten working units, we get 
82-5 + 10 =8-25 per unit ; and in al per cent. solution, which has one hundred 
working units, we get 2°3 per unit. That is to say, that the dissolving 
efficiency of 0:01, 0-1, and 1 per cent. solutions is 24, 8°25, and 2°3 per 
unit of KCy respectively. 

* Tf the factor time is left out of the question, as in cases where the gold and silver dissolve 


rapidly, but can be washed out of the ore only slowly, the most efficient strength of solution 
is then from 0°07 to 0°09 per cent. KCy. 
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We have calculated the dissolving efficiency of KCy per unit for strengths 
of solution between 0°01 and 1 per cent. in terms of the working unit which 
we assume to have a dissolving efficiency of 1, and for convenience have 
placed these at the foot of the columns in Tables XIX. and XXI. We have 
also plotted the results multiplied by 1000 in fig. 18 and by 100 in fig. 20. 
Now, if we know the time required to treat an ore with a solution of known 
strength, and it is desired to vary the capacity of the works by lengthening 
or shortening the time of treatment, we may then determine from the data 
given in the tables, what strength of solution would give equally good results. 
Thus, if it required 200 hours to treat an ore effectively with a 0-01 per cent. 
solution, and it became necessary to increase the capacity of the works by 
decreasing the time of treatment to 70 hours without decreasing the extrac- 
tion, what we have to do is to find in the columns a dissolving efficiency 
unit which multiplied by 200 equals 70 or thereabouts. Then the strength 
of the solution at the head of this column is that required. In this case 
it will be found 0°344 x 200=68°8. The required strength of the solution 
is therefore that at the head of the column above 0°344, which is 071 per 
cent. If 100 hours could be allowed, then the solution of 0°05 per cent. 
would answer equally well. 

The results are not quite accurate, as polarisation is not allowed for, 
but for all practical purposes, with solutions up to 0°5 per cent. they are 
sufficiently near. 

On examining the tables and curves, one of the reasons why, in practice, 
a weak solution is preferred to a strong one presents itself very forcibly, 
viz., the great loss in dissolving efficiency with increase in strength of solution. 


CHAPTER XII. 
TEMPERATURE EFFECTS. 


The Influence of Temperature on Dissolution of Metals.—So far we have 
omitted the influence of temperature, but it is well known that this factor has 
a very marked effect on the rate of dissolution of metals. 

H. C. Jones and J. M. Douglas* have proved that the amount of 
ionisation in solutions of salts is not affected by temperature. Now, it seems 
beyond doubt that the solubility of a metal is dependent largely on the 
amount of ionisation of the salt or acid, and on the velocity of the ions. And 
as we know that the rate of dissolution of a metal is increased with rise of 
temperature, and as this cannot be due to greater ionisation, we may safely 
conclude that the increase in dissolution is due largely to an increase in 
the velocity with which the ions move. There are, however, other reasons 
for the increase of dissolution, as we shall see later. 

We have made a number of determinations of the solubility of gold in 
a 0°25 per cent. KCy solution, at temperatures between those of the freezing 
and boiling points of water. The results are given in Table XXII. and are 
plotted in fig. 21. The first and second columns give the temperatures in 
degrees Centigrade and Fahrenheit. The third column gives the unit weights 
of gold dissolved in equal spaces of time when no polarisation occurs. It 
will be noticed that at 0° C. 90 units were dissolved, and that with increase 
of temperature the solubility diminishes to 89 at 1 to 2 degrees, and then 
there is a gradual increase in the rate of dissolution until a temperature of 
85° C. (185° F.) is reached, when the rate becomes 151. At higher temperatures 
there is a gradual decrease, until at boiling point it fell to 146. 

With rise of temperature there must be a decrease in the quantity of 
oxygen absorbed by the solution; nevertheless we get no corresponding 
diminution in the rate of dissolution, but, on the contrary, the rate steadily 
increases. We were unable to obtain satisfactory data of the quantities 
of oxygen dissolved in a cyanide solution at different temperatures, but in 
absence of these, and to meet our purpose, we have taken the data given 
by Winkler + of oxygen dissolved in water, and assume that in a cyanide 
solution the amount dissolved would not differ greatly from these. We 
have multiplied Winkley’s results by 1000, placed the products opposite the 
different temperatures and plotted them in fig. 21. By this means we are 
readily able to compare the rate of dissolution of the gold with the relative 

* Am. Chem. Jour., vol. xxvi. No, 5, Nov. 1901. 


+ Berichte d. d. chem. Gesell., xxiv. 3609. 
85 
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amount of oxygen absorbed at the various temperatures. Now, it will be 
observed on examining the table or the curves that the solubility of oxygen 
decreases with rise of temperature, while the solubility of gold increases to a 
maximum at 85° C. and then slightly decreases to the boiling point, although 
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the oxygen solubility at that temperature is zero. It would appear from 
this that oxygen has no direct influence on the solubility of the gold. This 
is what we have already shown to be the case. 

In seeking for the reason why oxygen should not exert its influence at 
the higher temperatures as it does at the lower temperatures, we have found 
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that the negative or pyrites electrode polarises to a less degree as the 
temperature rises. That is to say, that the capacity of the electrode to 
occlude or retain hydrogen at its surface is less in a heated solution than 
in the cold. ‘This being the case, it follows that the maximum opposing 
 electro-motive force due to polarisation becomes less and less as the solution 
becomes heated, until the E.M.F. of the dissolving gold overbalances this 
counter-force, and dissolution of the gold can then go on without the presence 
of oxygen. True, the K.M.I. of the gold also becomes less as the temperature 


(ABER AI 


yomperatnre. Unit Weights Oxygen 
of Gold Solubility in 
be & dissolved. Water x 1000. 
C. F 
0 32 90 48°6 
1 33°8 89 46 
3 37 °4 90 44°8 
5 4] 93 42°5 
10 50 102 37° 
15 59 112= < 33°5 
20 68 | 119 30°3 
25 17 124 27°5 
30 86 128 25 
35 | 95 132 23 
40 104 134 21°4 
45 118 137 19°81] 
50 122 139 18°37 
55 131 142 aa: 
60 140 144 15°65 
65 149 146 - 
70 158 148 esas 
75 167 149°5 an 
-80 176 150°7 9°39 
85 185 151 See 
90 194 150°5 53 
95 203 149 k oe 
100 212 146 0 


rises, but this effect is slight compared with the falling off in the opposing 
E.M.F. due to polarisation. 

At the ordinary or low temperatures the balance of the two opposing forces 
is in favour of the hydrogen, and the deposit of this goes on increasing until 
its E.M.F. is in equilibrium with the E.M.F. of the gold, and then, in order 
that dissolution should continue, the presence of oxygen becomes necessary 
to oxidise the hydrogen. When the electrodes are in this state we get for 
each atom of hydrogen oxidised an atom of gold dissolved. If there is no 
oxygen present no hydrogen becomes oxidised, and the two E.M.F.s being 
in equilibrium, dissolution of the gold cannot proceed until the hydrogen 
electrode (pyrites) becomes of a lower potential. This may be done in two 
ways, either by continuously oxidising the hydrogen as it separates, or by 


88 CYANIDING GOLD AND SILVER ORES. 


raising the temperature to such a point that the maximum E.M.F. of the 
hydrogen is less than the E.M.F. of the gold. 

Referring again to Table XXII. and fig. 21, it may be noticed how the 
rate of dissolution of the gold increases with rise of temperature from about 
3° or 4° C., at first rapidly, and then more gradually until a maximum is 
reached, and finally decreases. This maximum point was found for a 0°25 
per cent. solution to be at 85° C. (185° F.), but it varies with solutions of 
other strengths and with impurities in the solution. Decomposition of KCy 
occurs even at ordinary temperatures, and the rate of decomposition goes 
on increasing with rise of temperature, but as the temperature rises, the 
velocities of the K and Cy ions increase, as already stated. Therefore, with 
increase of temperature we get an increase in the rate of dissolution of the 
gold, due to increase in the velocities of the K and Cy ions, but as the 
temperature rises a decomposition factor is introduced which reduces the 
number of K and Cy ions, and therefore causes a decrease in the rate of 
dissolution. Now, it may be conceived that the effect of the reduction in 
the number of these ions may more than counterbalance the effect of the 
increased velocity of those remaining, and thereby the net result must be 
a slower dissolution of the gold. This is evidently why a maximum is 
reached in the rate of dissolution before the temperature reaches boiling 
point. With a weaker solution this maximum is not reached so soon, but 
with stronger solutions it occurs at lower temperatures, and this is what 
may be expected, as decomposition and consequent reduction in the number 
of K and Cy ions takes place with weaker solutions at a slower rate. 

Influence of Temperature in Practice——It would appear from the 
foregoing that in practice, by using solutions at high temperatures, there 
would be a great saving in time or an increase in the extraction. Let us 
see what really happens. Ores usually contain, besides their gold and silver, 
one or more metallic minerals, such as iron or copper pyrites, galena, etc., 
which are also soluble in cyanide solutions, as shown in Table XIX. These 
become more soluble at higher temperatures, just as gold and silver do. 
Now, at the lower temperatures a portion of the minerals becomes polarised 
through the dissolving of the gold and silver and other causes, and that part 
remains, for the time being, more or less insoluble, while at higher tempera- 
tures the effect of polarisation is reduced, and the dissolving area of the minerals 
is increased. We therefore get a larger quantity of mineral dissolved in 
the same time, but the gold and silver, being positive, are not polarised, 
and so their dissolving area is unaltered by rise of temperature. The net 
result is a greater proportional dissolution of the mineral matter than the 
gold and silver, and the consequent reduction in the K and Cy ions 
available for the dissolution of the metals. It is evident, then, that unless 
the increase in the rate of dissolution of the gold and silver, due to increase 
of temperature, is more than sufficient to make up for the decrease due to 
loss of available cyanide, there can be no benefit in using hot solutions. 

Again, in practice, when extracting with hot solutions, it is usual to apply 
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the heated solution to the cold ore. In heating the solution it is deprived 
of its oxygen, as shown in Table XXII., and on being applied to the ore it 
is cooled. Now, it has been pointed out that at the higher temperatures 
the presence of oxygen.is of little importance, while at ordinary or low 
temperatures it is necessary for the dissolution of the gold or silver. There- 
fore the cooled solution is not in a fit state for the most efficient extractions. 
From this cause we might expect erratic results. 

J. E. Clennell and J. Johnston made, under the direction of Charles 
Butters,* a large number of experiments on a working scale with hot and 
cold cyanide solutions. The hot solutions varied from 100° F. to 140° F., 
but that selected in most cases was 130° F. when run on, and the cold 
solution was 70° F. Referring to Table XXII., it will be seen that the rate 
of dissolution at 70° was about 120 units, and for 130° about 140, or in the 
ratio of 6:7. This is approximately what we might expect if the solutions 
were maintained at the same temperature throughout the treatment. As 
a matter of fact, when leaching on a working scale with hot solutions, it is 
difficult, if not impracticable, to maintain the same temperature throughout ; 
and further, since the hot solutions decompose in an erratic manner, not 
altogether dependent on the temperature, it is impossible to maintain the 
same strengths, in order to draw comparisons. Therefore the net result 
may be a less effective extraction than if the ore were treated throughout 
with a cold solution. Clennell and Johnston found that when treating sands 
and slimes at 130° and 70° the better extraction was at one time in favour 
of the hot solution, and on a similar sample, at another time was in favour 
of the cold solution. 

Maximum Dissolution Temperatures.—From Winkler’s results of the 
solubility of oxygen at different temperatures, it would appear at first sight 
that when a solution is to be used cold, freezing point should be the most 
efficient temperature, because we have then a maximum solubility of oxygen. 
This would be the case were it not that at the lower temperatures the 
solution becomes more viscous, and thereby offers a greater resistance to 
the movement of the ions and molecules from one part to another. This 
increased viscosity hinders the K and Cy ions from getting in contact with 
their respective electrodes, and it retards the diffusion of the oxygen molecules, 
and thus lessens the rate of depolarisation. Ata point near to freezing, the 
density of the solution is at a maximum, and by raising the temperature 
we reduce the viscosity, and therefore the ions and molecules can move with 
greater velocity. But with rise of temperature the absorption coefficient 
of oxygen is reduced, and decomposition of the KCy becomes more apparent. 
A temperature must, however, be reached at which (1) the product of the 
number of oxygen molecules into their rate of diffusion is a maximum ; (2) 
the product of the number of K and Cy ions into their velocities is a 
maximum. These two factors are those chiefly concerned in determining 
the maximum dissolution temperatures for cold solutions. 

* We are indebted to Mr Butters for the particulars, 
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There must also be a maximum dissolution temperature for hot solutions. 
This is dependent chiefly on the velocities of the K and Cy ions. The 
hotter the solution the greater is its fluidity and the less is the resistance 
to the movement of the ions, but in the case of cyanides a decomposition 
factor gets introduced which has to be taken into account. The maximum 
dissolution temperature for hot solutions is then that temperature at which 
the product of the velocities of the K and Cy ions into their number is a 
maximum. The amount of oxygen absorbed has always a certain effect, 
but this is generally not appreciable for the higher temperatures, and vanishes 
at boiling point. 


CLA Ue eCLet . 
DISSOLUTION OF GOLD PHYSICALLY CONSIDERED. 


For our purpose in discussing this matter, we may assume that when gold or 
silver is dissolved in a cyanide solution kept uniform in strength, layers of 
equal thickness will be dissolved in equal spaces of time. 

In an ore, the variety of sizes and shapes of the particles of gold must be 
very great, but a consideration of two or three assumed cases will assist in 
understanding what actually takes place in practical operations. (a) The 
extreme case is when the gold is in thin flat plates, so that its surface is 
constant, or nearly so, until dissolution is complete. It is evident that in this 
case, under uniform conditions of the solvent, the quantity dissolved will be in 
direct proportion to the time, and this may be represented by the straight line 
A in fig. 22. Again, when gold is embedded in pyrites so that only one edge 
or surface can be attacked, it would also have a constant rate of dissolution. 

(6) The other extreme case is when each gold particle is assumed to be 
a perfect sphere. Then in each equal interval of time a spherical shell of 
equal thickness would be dissolved, but each successive shell would be of 
smaller diameter, and would consequently contain a smaller quantity of gold. 
Hence in this case the rate of dissolution would be much greater at the 
beginning than at the end of the operation. Curve 8B illustrates the action 
for one sphere of any size, or for any number of spheres of equal size. 

If, however, in order to approximate more closely to actual conditions, we 
assume a mixture of spheres of various sizes, it is clear that the smaller 
spheres will be entirely dissolved before the larger ones, and in such cases the 
rate at the beginning will be still more increased. 

(c) The curve C has been calculated on the assumption that for each three 
spheres of diameter 1, there are two of diameter 2, and one of diameter 3. 

(2) In curve D there are one hundred spheres of diameter 1, ten of 
diameter 2, and one of diameter 3. 

The conditions as to relative sizes of particles in actual ores would 
probably lie between these last two theoretical cases. But as the actual 
particles of gold are not true spheres, we may expect in practice that the curve 
would be less convex than C or D, especially towards the end, because, with 
any shape except the sphere, the particles would gradually tend towards 
flatness as they become smaller. 


These calculated curves can now be compared with curve #, which is 
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plotted from figures given by H. K. Picard* of a case at Deloro where one 
solution was continuously circulated through the ore and cyanogen bromide 
added at intervals, so that the conditions of solution must have been fairly 
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Fic. 22.—Curve 4 shows the rate of dissolution of thin gold plates where the surface ex- 
posed to the solution is practically constant. Curve B where the gold is in the form of 
spheres of equal diameter. Curve C where the gold is in spheres of unequal size: 1 at 
3 units, 2 at 2 units, and 3 at 1 unit diameter. Curve D where the gold is in spheres 
of unequal size : 1 at 3 units, 10 at 2 units, and 100 at 1 unit diameter, Curve Fis 
from Picard’s figures at Deloro. 


constant. The solution was sampled and assayed at intervals. The 
total gold in the vat was 33-9 ozs., the amount dissolved was 28°6 ozs., and the 
percentages have been calculated on the latter figure, because we are now 
considering only the gold capable of being dissolved. It will be seen that 


* Trans. Fed. Inst. of Min. Eng., vol. xv. p. 417, 1897-8. 
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the curve follows very closely the form to be expected from the above 
reasoning. Up to an extraction of 80 per cent. it lies between C and D, and 
from about 88 per cent. it is almost a straight line. 

The figures relating to these curves are given in Table XXIII. in which the 
time is divided into ten equal parts. The top row of figures opposite each letter 
shows the percentage of the total gold which has been dissolved during each 
interval, and the lower figure gives the total percentage dissolved at the end of 
each period. 

This matter has been treated at some length, because it enables a clear 
mental picture to be formed of the action taking place in a cyanide vat, and 
leads to one definite reason why in practice the whole of the soluble gold cannot 


TABLE XXIII. 


1 2 3 4 5 6 7 8 9 10 
A 10% 10 10 10 10 10 10 10 10 10 
10 20 30 40 50 60 70 80 90 100 


B 27°71 21°7 16°9 127 9°3 59 3°7 si) 0°7 Ol 
ate 48°8 65°7 78°4 87°7 93°6 97°3 99°2 99°9 100 


GC 33°6 24°0 16°5 eb Be 70 4°1 
336 57°6 74:1 85°1 92°1 96°2 98 °4 99°5 99°9 100 


—| —_—____ — 


26'8 12°1 57 3°0 iL 
50°2 77°0 89°1 94°8 97°8 99°2 Boss 99°9 99°99 | 100 


E 45°2 20°9 £0°7 6°4 4°6 2°9 2°4 2°4 2°3 2°2 
66'1 76°8 83°2 87°8 90°7 93°1 95°5 97°8 100 


Note.—Top figure in each square = % dissolved during interval. Lower 
figure = total % dissolved at end of each interval. 


be dissolved. It will be noticed that, except in case A (which is purely ideal), 
more than 90 per cent. of the gold is dissolved in six-tenths of the time required 
for complete dissolution, and over 95 per cent. in eight-tenths of the total time. 
So that with poor material it does not pay to give so much extra time for 
such a small additional recovery. 

At Deloro (curve £) the gold dissolved was 14 dwts. 18 grs. per ton and 
the quantity obtained in the last interval was 7°78 grains = 1s. 33d. per ton, 
so that it was profitable to carry the treatment to the limit, but with a 5 dwt. 
material, and with conditions approaching those of curves B or C, it would be 
evidently unprofitable to continue the operation beyond seven-tenths of the 
total dissolution period. 

Another set of figures illustrating this point is given by Alfred Chiddy.* 
As he does not give the total time required for the complete dissolving of all 


* Jour. Soc, Chem. Industry, vol. xix. p. 25, 
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the accessible gold, the curve cannot be plotted in fig. 22, but is given 
separately in fig. 23, in which the same general features are apparent, namely, 


50% 


GOR 


10% 


0 24 48 7k 36 120 144 hours 


Fic. 23.—Rate of Solubility of Gold in an Ore. : 
Note.—In this diagram the percentages are calculated on the assay value of the ore. 


a rapid rise at first followed by a sharp curve, which is succeeded by a slightly 
inclined straight line. 


CHAPTER XIV 
ABSORPTION OF AIR BY SOLUTIONS. 


Solubility of Gases in Liquids.—Gases that do not act chemically on each 
other or on a solution dissolve in proportion to the pressure of the gas, and 
when the pressure is lowered or the temperature raised they are expelled. 
From this it is thought that the process of solution is purely a mechanical 
one. In general, however, gases dissolved in salt solutions do act chemically 
to a certain extent. The solvent exerts a selective influence and dissolves 
more of one gas than another, and when two gases are mixed, each dissolves 
in proportion to the partial pressure it exerts, combined with its own specific 
solubility in the solution. Thus air dissolved in water at freezing point and 
at normal atmospheric pressure contains about 35 per cent. oxygen, whereas 
air in the atmosphere contains about 21 per cent. 

Solubility of Air in Water.—When air passes into water, oxygen and nitro- 
gen dissolve until a point is reached at which the number of molecules entering 
the solution from without in a given time is equal to the number of molecules 
that fly off. At th’s point the solution is said to be saturated. The quantity 
of each gas dissolved is dependent solely on the pressure exerted by the parti- 
cular gas, and is the same as if only one gas had been present in the space. 
Thus Bunsen found that the absorption coefficient of oxygen at 0° C. equals 
0-04114, and that of nitrogen equals 0°02035. Now, air contains 79 per cent. 
nitrogen to 21 of oxygen by volume. Hence the partial pressure of the oxygen 
equals 0°21 of an atmosphere, and that of nitrogen equals 0°79. 

Therefore 0°21 x 004114 =0-0086394 proportion of oxygen dissolved, and 
0:79 x 0:02035 = 00160765 proportion of nitrogen dissolved. 

According to these figures, the percentage composition by volume of air 
dissolved in water at 0° C. is, in round numbers, 65 nitrogen to 35 oxygen. 

It is obvious that if we know the absorption coefficients at other tempera- 
tures, we can easily find the proportion of each gas dissolved from air. 

Table XXIV. gives Bunsen’s* absorption coefficients of oxygen in water 
from an atmosphere of the gas at different temperatures when the barometer 
indicates 760 mm. pressure. The figures represent the volume of gas dis- 
solved by one volume of water after the gas had been reduced to 0° C. and 760 
mm. pressure. We have calculated from these the oxygen coefficients from 
air and placed the results in the adjoining column. 

The ratio of O coefficient from O to the O coefficient from air is approxi- 
mately 5:1. 


* Bunsen’s Gasometry. 
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As a convenient form for practical work we have calculated from Winkler’s* 
results the weights of oxygen dissolved in water saturated with air, in grains 


TABLE XXIV. 
Temperature. 
Bunsen’s O O Coefficients 
Coeff. from O. | from Air. 
Ge Hikes 
0 32 0°04114 0008639 
2 35°6 3907 8205 
4 39°2 . 3717 7805 
6 42°8 3544 7442 
8 46°4 3389 7116 
10 50 3250 6825 
12 53°6 3133 6574 
14 57 2 38034 6371 
16 60°8 2949 6192 
18 64 2884 6056 
20 68 2838 5959 


per ton of 2000 lbs. at 760 mm. pressure and at various temperatures. These 
are given in Table XXV. 

Solubility of Air in Salt Solutions.—When a salt is dissolved in water 
the coefficient of absorption of air is generally smaller, but in the cyanide 
working solutions we have only small percentages of salts present, which do 
not materially affect the amount capable of being absorbed. Thus Maclaurint 
found that the oxygen coefficient of absorption by a 1 per cent. KCy solution 


TABLE XXV. 
Temperature. GreenG Temperature, Grains ota 
Kean tas Ses dissolved in ~[-———-—___ eee 
Ge Re 1 ton Water. ce Fe 1 ton Water. 
0 32 , 20°37 16 60°8 13°78 
2 35°6 19°28 18 64°4 Lo 22 
4 389°2 18°28 20 68 1277 
6 42°8 17°36 22 113 13°99 
8 46°4 16°52 24 75°2 177 
10 50 15°74 26 78°8 11°34 
UY 53°6 15:08 28 82°4 10°92 
14 


57 °2 14°38 30 86 10°51 


was 0:0280 at 18° C., whereas that absorbed by water at the same temperature 
from Bunsen’s results is 0°02884. When, however, sea water is employed, 
or, as in W. Australia, mine water containing 30 per cent. common sallt, 
the absorption coefficient may be materially affected. Thus, from Maclaurin’s 


* Berichte d. d. chem, Gesell., xxii. 1773. 
+ Jour. Chem. Soe., vols. lxvii. and lxviii. p. 211. 
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figures a 5 per cent. KCy solution reduces the coefficient to 0°0230, and a 30 
per cent. KCy to 0:0079. A reduction in the coefficient means a reduction in 
the amount of available oxygen for purposes of oxidising reducing agents in 
the solution and ore and of oxidising hydrogen as formed in the process of 
dissolving the metals. 

When the solution is made thick and viscous by means of slime, sand, etc., 
it has a very marked effect on the coefficient of absorption, although the 
amount of dissolved salt is very minute. Thus when the pulp consists of two 
parts of solution (0-05 per cent. KCy) to one part of slime, the coefficient of 
absorption of air is less than one-hundredth of that of the solution alone. 

Another point-of practical importance is the time required to saturate the 
solution with air. If air is removed from a solution by heating or otherwise, 
the time required to re-charge the solution varies with the viscosity of the 
solution. An ordinary cyanide solution takes longer than water, and slime 
pulp takes longer than simple cyanide solution. It often happens that the 
oxygen of the air absorbed becomes removed by reducing agents, leaving the 
nitrogen intact, so that, in order to replace the oxygen, air has to be passed 
into the solution for a considerable time. As a substitute, and to shorten the 
time of treatment, strong oxidisers are sometimes beneficially added to the 
pulp. 

This increase in the time required to saturate a solution with air points to 
an increased friction to the gas molecules which retard their diffusion. A rise 
in temperature lessens the viscosity, and consequently allows a faster rate of 
diffusion, but rise in temperature diminishes the coefficient of absorption. It 
is evident, then, that the time of saturation is dependent on these two factors. 
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ordinary KCy, and the strength was kept up by the addition of this salt from 
time to time. The results are given in Table XXVIL., as per cent. 

A is the analysis of the solution before precipitation, B is the same solution 
after passing through the zinc boxes. This solution had been used continuously 
for six months, during which time it had passed through 11,000 tons of ore. C 
is the same solution after thirteen months’ use, during which time 26,000 tons 
of ore had been treated. D is the same solution after precipitation. 


TaBLE XXVIII. 


A B | C D 
| 

KCy, 0°501 0°491 | 0°505 0°505 
HCy sak ate oe See 0-061 0079 | Or0nF 0°021 
| Total Single Cyanides, . 1°302 1°335. *| 14870 1°445 
K,FeCy,, aa 0-098 0°117 0°018 0°026 
KCys, 0-212 0207 | 0058 0°057 
Zn, 0°316 0-360 0°368 0-388 
020, 2 aS ee ee 0-085 0082 0°172 0172 

Gold-inez); " 2 eee 1°15 0-037 1°82 0°08 


In some cases reducing agents have been known to accumulate to such a 
degree as to prove very detrimental, by retarding the dissolution of both gold 
and silver. When the KCy solution is very weak, the presence of small 
quantities of soluble sulphides have a direct effect on silver, by forming a 
superficial coating of silver sulphide on the particles, which renders the silver 
almost insoluble. With strong solutions this effect is not marked. 

On the other hand, oxidising agents in suitable quantities have a beneficial 
effect and tend to keep the rate of dissolution of the metals more constant. In 
fact, without an oxidiser in some form, dissolution soon ceases under ordinary 
atmospheric changes. Then, again, the presence of substances in which AgCy 
and AuCy are soluble, as thiosulphates of the alkalies, ammonia, etc., tend to 
increase the solubility of gold and silver in cyanide solutions, but these sub- 
stances sometimes interact with the cyanide, so that their value may be con- 
sidered as doubtful. 

The solubility of gold in alkaline cyanides varies with the base, as already 
stated, and it follows that the amount of gold that will dissolve in a given time 
in a 1 per cent. KCy solution will be different in a 1 per cent. NaCy solution, 
but if we deal with normal solutions or equally diluted normal solutions their 
effects will be the same. When equal quantities of normal solutions of KCy and 
NaOH are mixed and moderately diluted, they will have exactly the same action 
as normal solutions of NaCy and KOH diluted to the same extent. In dilute 
solutions these compounds become completely dissociated into ions thus— 


KCy =K+Cy 
NaOH=Na+0H 
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figures a 5 per cent. KCy solution reduces the coefficient to 0°0230, and a 30 
per cent. KCy to 0:0079. A reduction in the coefficient means a reduction in 
the amount of available oxygen for purposes of oxidising reducing agents in 
the solution and ore and of oxidising hydrogen as formed in the process of 
dissolving the metals. 

When the solution is made thick and viscous by means of slime, sand, etc., 
it has a very marked effect on the coefficient of absorption, although the 
amount of dissolved salt is very minute. Thus when the pulp consists of two 
parts of solution (0-05 per cent. KCy) to one part of slime, the coefficient of 
absorption of air is less than one-hundredth of that of the solution alone. 

Another point of practical importance is the time required to saturate the 
solution with air. If air is removed from a solution by heating or otherwise, 
the time required to re-charge the solution varies with the viscosity of the 
solution. An ordinary cyanide solution takes longer than water, and slime 
pulp takes longer than simple cyanide solution. It often happens that the 
oxygen of the air absorbed becomes removed by reducing agents, leaving the 
nitrogen intact, so that, in order to replace the oxygen, air -has to be passed 
into the solution for a considerable time. As a substitute, and to shorten the 
time of treatment, strong oxidisers are sometimes beneficially added to the 
pulp. 

This increase in the time required to saturate a solution with air points to 
an increased friction to the gas molecules which retard their diffusion. A rise 
in temperature lessens the viscosity, and consequently allows a faster rate of 
diffusion, but rise in temperature diminishes the coefficient of absorption. It 
is evident, then, that the time of saturation is dependent on these two factors. 
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ordinary KCy, and the strength was kept up by the addition of this salt from 
time to time. The results are given in Table XXVIL, as per cent. 

A is the analysis of the solution before precipitation, B is the same solution 
after passing through the zine boxes. This solution had been used continuously 
for six months, during which time it had passed through 11,000 tons of ore. C 
is the same solution after thirteen months’ use, during which time 26,000 tons 
of ore had been treated. D is the same solution after precipitation. 
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A B | C D 
KCy, : : ; : ; 0°501 0°491 | 0°505 0°505 
Hy, hed ee ead 0079 | 0-017 0-021 
Total Single Cyanides, 1°302 1°335, 4 ele 1°445 
K,FeCy,, Coen eemeore 0117. | 0-018 0-026 
K Oyo rea. : : . ‘ 0°212 0°207 0°058 0°057 
VANE : ~ . . ; 0°316 0°360 0°368 0°388 
CaO, ‘ Q : : : 0°085 0°082 0°172 0°172 
Goldin ozs, . : 2 : 1715 0°037 1°82 0°03 


In some cases reducing agents have been known to accumulate to such a 
degree as to prove very detrimental, by retarding the dissolution of both gold 
and silver. When the KCy solution is very weak, the presence of small 
quantities of soluble sulphides have a direct effect on silver, by forming a 
superficial coating of silver sulphide on the particles, which renders the silver 
almost insoluble. With strong solutions this effect is not marked. 

On the other hand, oxidising agents in suitable quantities have a beneficial 
effect and tend to keep the rate of dissolution of the metals more constant. In 
fact, without an oxidiser in some form, dissolution soon ceases under ordinary 
atmospheric changes. Then, again, the presence of substances in which AgCy 
and AuCy are soluble, as thiosulphates of the alkalies, ammonia, etc., tend to 
increase the solubility of gold and silver in cyanide solutions, but these sub- 
stances sometimes interact with the cyanide, so that their value may be con- 
sidered as doubtful. 

The solubility of gold in alkaline cyanides varies with the base, as already 
stated, and it follows that the amount of gold that will dissolve in a given time 
in a 1 per cent. KCy solution will be different in a 1 per cent. NaCy solution, 
but if we deal with normal solutions or equally diluted normal solutions their 
effects will be the same. When equal quantities of normal solutions of KCy and 
NaOH are mixed and moderately diluted, they will have exactly the same action 
as normal solutions of NaCy and KOH diluted to the same extent. In dilute 
solutions these compounds become completely dissociated into ions thus— 


KCy =K+(y 
NaOH=Na+0H 
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and in the second case, 
NaCy=Na+Cy 
KOH=K+0OH 


It will be seen at a glance, in both cases, that we have the same K and Na 
cations and the same Cy and OH anions. It has been proved that the action 
of dissociated solutions depends only on their ions, and since the ions in both 
cases are alike, the action in both cases must be the same. 

When two solutions are mixed which do not alter the properties of each other, 
such as KCy and NaCy, a metal dissolves in them, and divides itself between 
the two solutions in the ratio of their respective ions. Thus, in dissolving gold 
in a mixture of KCy and NaCy, we get formed KAuCy, and NaAuCy, in 
proportion to the ions present of the respective salts. 
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Iron not only consumes much cyanide, but it also consumes oxygen 
required for the dissolution of the gold and silver, and it follows from the 
reactions that 56 parts of iron will consume twice as much oxygen as 197 
parts of gold. (See page 66.) 

Ferric oxide in electrical contact with gold in a cyanide solution acts as a 
depolariser, and produces a lower oxide that is more soluble in the solution. 

Iron Sulphides are very generally present in gold ores in two well known 
forms, as marcasite (the orthorhombic mineral) and pyrite (the isometric 
mineral) ; both have the same composition, and are represented by the formula 
FeS,. Pyrites is the general name for them. 

Marcasite is of a paler and duller colour and lower specific gravity (4°8) 
than pyrite ; also it is well known to have a greater tendency to oxidise in 
moist air, with formation of FeSO,. Pyrite is of a brassy yellow colour, resists 
atmospheric oxidation much more than marcasite, and has a specific gravity 
of about 5. It is very common to find both minerals associated together in 
gold ores. 

In a cyanide solution marcasite is much less soluble than pyrite, as may be 
seen on reference to fig. 18. The reaction appears to be doubtful, but the 
chief compounds. formed are K,FeCy,, KCyS, K,S, and K,S,0,. From 
several experiments we have made, it is evident a very considerable quantity 
of oxygen is consumed in the reaction, as we find that pyrites is hundreds of 
times more soluble when a large excess of. oxygen is present. Unoxidised 
pyrites appears to be very insoluble in absence of oxygen, at atmospheric 
pressure and ordinary temperatures. With an excess of oxygen the pyrites 
caused the solution to become coloured, varying in shade from an amber tint 
to a muddy brown. It loses colour by standing when exposed to the atmos- 
phere and sunlight for some days, or by the use of oxidising and desulphurising 
agents. This brown solution was found to have lost much of its dissolving 
power on gold and silver, but the power is easily restored by the use 
of desulphurising and oxidising agents. 

It has long been observed that when marcasite has been allowed to 
weather, it heats and rapidly oxidises, forming largely FeSO, and 
H,SO,. On the other hand, pyrite oxidises slowly to limonite, Fe,0,(OH),, 
and sulphur for the most part, with but little FeSO, Caldercott * says that 
Dr Loevy proved that when FeS, is gradually oxidised the first compound 
formed is SO,, also that H,S is formed through the action of H,SO, on Fes, 
the latter being formed by the oxidation of one atom of sulphur of the FeS,. 

The presence of FeSO, in an ore is the cause of a very considerable con- 
sumption of cyanide. It is soluble in water, and if the ore is leached with 
clean water a portion may be removed, which thus saves cyanide. Some, how- 
ever, always remains behind, and this becomes neutralised on the addition of 
alkali, forming ferrous hydrate and alkaline sulphate. Ferrous sulphate and 
hydrate act as deoxidisers and consume oxygen that might otherwise be of 
service in dissolving the gold and silver. Ferrous sulphate oxidises to 

* §. African Min. Jour., Oct. 23, 1897, from paper read before S. Af, Chem. and Met. Soc. 
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and in the second case, 
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It will be seen at a glance, in both cases, that we- have the same K and Na 
cations and the same Cy and OH anions. It has been proved that the action 
of dissociated solutions depends only on their ions, and since the ions in both 
cases are alike, the action in both cases must be the same. 

When two solutions are mixed which do not alter the properties of each other, 
such as KCy and NaCy, a metal dissolves in them, and divides itself between 
the two solutions in the ratio of their respective ions. Thus, in dissolving gold 
in a mixture of KCy and NaCy, we get formed KAuCy, and NaAuCy, in 
proportion to the ions present of the respective salts. 
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Iron not only consumes much cyanide, but it also consumes oxygen 
required for the dissolution of the gold and silver, and it follows from the 
reactions that 56 parts of iron will consume twice as much oxygen as 197 
parts of gold. (See page 66.) 

Ferric oxide in electrical contact with gold in a cyanide solution acts as a 
depolariser, and produces a lower oxide that is more soluble in the solution. 

Iron Sulphides are very generally present in gold ores in two well known 
forms, as marcasite (the orthorhombic mineral) and pyrite (the isometric 
mineral) ; both have the same composition, and are represented by the formula 
FeS,. Pyrites is the general name for them. 

Marcasite is of a paler and duller colour and lower specific gravity (4°8) 
than pyrite ; also it is well known to have a greater tendency to oxidise in 
moist air, with formation of FeSO,. Pyrite is of a brassy yellow colour, resists 
atmospheric oxidation much more than marcasite, and has a specific gravity 
of about 5. It is very common to find both minerals associated together in 
gold ores. 

In a cyanide solution marcasite is much less soluble than pyrite, as may be 
seen on reference to fig. 18. The reaction appears to be doubtful, but the 
chief compounds formed are K,FeCy, KCyS, K,S, and K,S,0,. From 
several experiments we have made, it is evident a very considerable quantity 
of oxygen is consumed in the reaction, as we find that pyrites is hundreds of 
times more soluble when a large excess of oxygen is present. Unoxidised 
pyrites appears to be very insoluble in absence of oxygen, at atmospheric 
pressure and ordinary temperatures. With an excess of oxygen the pyrites 
caused the solution to become coloured, varying in shade from an amber tint 
to a muddy brown. It loses colour by standing when exposed to the atmos- 
phere and sunlight for some days, or by the use of oxidising and desulphurising 
agents. This brown solution was found to have lost much of its dissolving 
power on gold and silver, but the power is easily restored by the use 
of desulphurising and oxidising agents. 

It has long been observed that when marcasite has been allowed to 
weather, it heats and rapidly oxidises, forming largely FeSO, and 
H,SO,. On the other hand, pyrite oxidises slowly to limonite, Fe,O,(OH),, 
and sulphur for the most part, with but little FeSO, Caldercott * says that 
Dr Loevy proved that when FeS, is gradually oxidised the first compound 
formed is SO,, also that H,S is formed through the action of H,SO, on Fe8, 
the latter being formed by the oxidation of one atom of sulphur of the FeS,. 

The presence of FeSO, in an ore is the cause of a very considerable con- 
sumption of cyanide. It is soluble in water, and if the ore is leached with 
clean water a portion may be removed, which thus saves cyanide. Some, how- 
ever, always remains behind, and this becomes neutralised on the addition of 
alkali, forming ferrous hydrate and alkaline sulphate. Ferrous sulphate and 
hydrate act as deoxidisers and consume oxygen that might otherwise be of 
service in dissolving the gold and silver. Ferrous sulphate oxidises to 

* §. African Min. Jour., Oct. 28, 1897, from paper read before S. Af. Chem. and Met. Soe. 
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normal and basic ferric sulphates. The former is soluble in water, and the 
latter is soluble in a solution of the former. They are both acted on readily 
by KCy solutions, forming, amongst other compounds, K,FeCy,, some Prussian 
blue, and probably K,FeCy,. Metallic iron in the ore reduces some ferric 
sulphate to ferrous salts. 

Ferrous hydrate is readily oxidised to ferric hydrate, a name applied to 
many indefinite compounds, having the formula Fe,0,7H,0, of which the exact 
composition varies. Some of these compounds are very insoluble in KCy, but 
others dissolve more or less readily, probably forming K,FeCy,, and acting to 
some extent as oxidisers. 

LInmonite, a mineral often associated with gold ores, is a hydrated oxide of 
iron. It does not appear to dissolve in KCy to any appreciable extent, but 
often forms unstable suspensions that become troublesome in the process of 
leaching. 

Copper in the metallic state is found occasionally associated with gold ores, 
and usually it is introduced during the mining operations in the form of detona- 
tor cases. The final reaction when copper is dissolved in KCy is generally 
stated as 


2Cu-+4KCy + 2H,0 =K,Cu,Cy, + 2KOH +H, 


Therefore 1 part of copper requires 2 parts KCy for solution, or three times as 
much as gold. The solution also loses oxygen by its combining with some of 
the hydrogen formed at the negative electrode. 

Copper sulphides are invariably present in gold-bearing ores, the amounts 
varying from a trace up to the proportions of a rich copper ore. Copper 
pyrites is perhaps the most commonly met with. Hrubescite, covelline, and 
redruthite are less often present. 

These minerals are all acted on by cyanide solutions, but some are much 
more soluble than others. Tests to determine the solubility of a mineral by 
itself are only of partial value, as much depends on the other minerals with 
which it is in contact. Thus copper pyrites, which by itself dissolves 
slowly in KCy, when in contact with a less negative mineral, as marcasite, 
dissolves much more rapidly. Then again, when iron pyrites is present and 
becomes oxidised to ferric sulphate, most copper sulphides are also oxidised to 
sulphate. The copper sulphate remains in solution, but when this compound 
comes into contact with metallic iron the copper precipitates, and this pre- 
cipitate readily dissolves in cyanide solutions. 

The presence of copper is not necessarily a bar to the treatment of an ore 
by cyanide, for it sometimes happens that when even 2 or 3 per cent. of copper 
is present an ore can be treated profitably by cyanide, but not by other pro- 
cesses. On the other hand, sometimes an ore containing less than 0°5 per cent. 
copper could not be treated profitably, owing to the destruction of cyanide. A 
mere chemical analysis of an ore is not to be relied on as an absolute guide in 
testing copper-bearing ores, as much depends on the physical conditions in 
which the copper and gold exist. 
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Oxygen is required for the dissolution, in order to combine with the hydrogen 
as formed, and this is taken from the oxygen absorbed by the solution. Thus 
200 parts of mercury require 260 parts of KCy for solution, that is, twice 
as much as gold requires, and they also require twice as much oxygen. 

Mercury has, however, a far greater affinity for sulphur than for cyanogen, 
and as the solutions usually contain sulphides, thiosulphates, and thiocyanates, 
these or the sulphur in these combine with mercury to form HgS and a num- 
ber of complex compounds, amongst which are Hg(SCy)2KCyS, HgCy,KCys, 
etc., which do not appear to retard the dissolution of the gold and silver. 
Mercury, therefore, acts as a desulphurising agent, and although it consumes 
cyanide, its presence is not altogether undesirable. 

Zinc, as zinc blende, is not commonly met with in gold ores. When 
taken fresh from the mine in an unoxidised condition it is only slightly 
acted on by KCy, forming some KCyS and probably some complex substances. 
Blende from some mines is much more soluble than from others, and this 
appears to be somewhat dependent on the minerals associated with it. If 
partly oxidised, such as happens when ore weathers, blende destroys both 
cyanide and alkali. 

Galena is often associated with both gold and silver ores. In a clean 
unoxidised condition it is only slightly acted on by KCy, but with long 
contact KCyS is formed. When partly oxidised by atmospheric influences, 
long contact with KCy produces evolution of HCy. 

Minerals taken from different localities vary very much in the way 
they are acted on by KCy solutions, as a great deal is dependent 
on the other minerals with which they are associated. Thus, marcasite or 
pyrite acted on separately have comparatively small effect on a KCy solution, 
but when the two minerals are mixed and dealt with together the destruction 
of cyanide is much increased. 

Again, many of the complex compounds formed with the KCy are 
decomposed in the precipitating boxes, the metal being deposited or forming 
insoluble compounds which precipitate, while others are rendered less soluble, 
and probably become to some extent precipitated in the ore. 
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Oxygen is required for the dissolution, in order to combine with the hydrogen 
as formed, and this is taken from the oxygen absorbed by the solution. Thus 
200 parts of mercury require 260 parts of KCy for solution, that is, twice 
as much as gold requires, and they also require twice as much oxygen. 

Mercury has, however, a far greater affinity for sulphur than for cyanogen, 
and as the solutions usually contain sulphides, thiosulphates, and thiocyanates, 
these or the sulphur in these combine with mercury to form HgS and a num- 
ber of complex compounds, amongst which are Hg(SCy)2KCyS, HgCy,KCys, 
etc., which do not appear to retard the dissolution of the gold and silver. 
Mercury, therefore, acts as a desulphurising agent, and although it consumes 
cyanide, its presence is not altogether undesirable. 

Zinc, as zinc blende, is not commonly met with in gold ores. When 
taken fresh from the mine in an unoxidised condition it is only slightly 
acted on by KCy, forming some KCyS and probably some complex substances. 
Blende from some mines is much more soluble than from others, and this 
appears to be somewhat dependent on the minerals associated with it. If 
partly oxidised, such as happens when ore weathers, blende destroys both 
cyanide and alkali. 

Galena is often associated with both gold and silver ores. In a clean 
unoxidised condition it is only slightly acted on by KCy, but with long 
contact KCyS is formed. When partly oxidised by atmospheric influences, 
long contact with KCy produces evolution of HCy. 

Minerals taken from different localities vary very much in the way 
they are acted on by KCy solutions, as a great deal is dependent 
on the other minerals with which they are associated. Thus, marcasite or 
pyrite acted on separately have comparatively small effect on a KCy solution, 
but when the two minerals are mixed and dealt with together the destruction 
of cyanide is much increased. 

Again, many of the complex compounds formed with the KCy are 
decomposed in the precipitating boxes, the metal being deposited or forming 
insoluble compounds which precipitate, while others are rendered less soluble, 
and probably become to some extent precipitated in the ore. 


CHA PTHR XV Lt, 
PRECIPITATION OF THE GOLD AND SILVER. 
Section I. 


Electrolytic Methods.—It is usual in the cyanide process to refer to pre- 
cipitation by an electric current, applied from an external source, as being 
distinct from that of precipitation by the so-called galvanic couple. But 
on investigation it will be found that the changes, whereby precipitation is 
effected, are very similar. In the precipitation of the metal, it is necessary 
that the current should reach a certain minimum electro-motive force, which 
varies with different metals, with the same metal in different solutions, and to 
some extent with the strength of the solution. The current with a suitable 
E.M.F. may be supplied from an external source, such as from a dynamo or 
battery, when the E.M.F. and current strength may be measured aud regu- 
lated with great accuracy. Thus, if we pass a current between electrodes in a 
gold cyanide solution with an E.M.F. of 1 volt, and find that this is not 
sufficient to precipitate the gold, we can readily increase it to 2 or 3 volts, or 
until the precipitation appears satisfactory. 

Precipitation by Galvanic Couples.—The current may also be supplied by 
immersing in the solution a metal which has a difference of potential at two 
parts of its surface, 7.e. a galvanic couple. But we have not then the same 
facilities for regulating the E.M.F. as when the current is supplied from an 
external source. Thus, silver containing lead as an impurity has a difference 
of potential between the positive silver and the negative lead, which in a 
cyanide solution generates a current, but this current is not of sufficiently 
high E.M.F. to precipitate gold from this solution. If, now, we immerse in 
the solution a piece of commercial zinc which contains lead, a current is 
senerated between the positive zinc and the negative lead of a sufficiently high 
E.M.F. to decompose the gold solution and precipitate the metal. In this way 
we are able to determine which combinations generate a current of the requisite 
E.M.F. The minimum E.M.F. to precipitate the gold varies with the strength 
of the solution, with the temperature, and, as we shall see later, with the 
physical condition of the surface of the negative metal. 

When the gold is precipitated it asserts its own potential, and tends to 
re-dissolve, producing an E.M.F. which tends to drive a current in the opposite 
direction to that of the precipitating current. The result is that the E.M.F. 
of the latter is reduced by that of the gold. Thus Christy* found zinc to have 


* See Table X XIX. 
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with a greater E.M.F. than 0°218 in order to precipitate gold. The result 
a shows that a zinc-copper couple develops an E.M.F. of only 0°152, and 
if the above assumption were true, no gold should be precipitated. As a 


Taste XXIX.—Christy’s Hlectro-motive Series of Metals and 
Minerals in K Cy Solutions, 


M M ya M 
== KOY at KCy ee KCy aT KCy 
=6°5 p. ct. | =0°65 p. ct. | =0°065 p. ct. | =0°0065 p. et. 

volts. volts. volts. volts. 
Aluminium, ; ; +0°99 +0°90 +0°76 +0°40 
Zinc, amalgamated, . : +0°93 + 0°82 +0°70 +0°44 
Zine, commercial, . | Not determ. + O17 +0°59 +0°39 
Copper, . ; ; : +0°81 +0°62 +0°37 +0°16 
Cadmium, +0°61 +0°57 +0°35 eae 
Cadmium, emalgamated, ; +0°55 +0°31 +0°19 ae 
Tin; : : +0°45 +0°24 +0°17 +0°06 
Bornite, : ; +0°45 + 0°25 — 0°16 a 
Copper, emalgamated, . + 0°39 (2) +0°41 — 0°14 (2) — 0°12 (2%) 
Gold, : : + 0°37 +0°28 +0°09 — 0°38 
Silver, : ; +0°33 +0°15 — 0°05 — 0°36 
Copper- Glance, . : : + 0°29 (2) + 0°25 +0°05 — 0°44 
Lead, : : : +0°13 +0°05 +0°01 Hee 
Tin, amalgamated, : . | Not determ. +0°01 — 0°07 —0°12 
Lead, amalgamated, ; . | Not determ. Se — 0°03 Re 
Quicksilver, : ‘ 3 — 0°09 +0°01 —O-11 as 
Gold, amalgamated, . ; rae ie — 0°13 — 0°26 
Antimony, : , : + 0°06 +0°08 — 0°03 Rr 
Arsenic, . : : : +0°04 — 0°05 — 0°21 ciety 
Bismuth, . : : ; +0:00 — 0°06 — 0°20 me 
Niccolite, . 5 ‘ k -0O'11 -—0°17 — 0°44 
Tron, ; : : : —0°17 — 0°24 — 024 
Chalcopyrite, . : ‘ — 0°20 — 0°34 — 0°44 
Pyrite; : ; 4 — 0°28 — 0°42 — 0°48 
Galena, . , Z ; — 0°28 — 0°48 — 0°52 
Argentite, : : ‘ — 0°28 — 0°56 — 0°55 (2) 
Berthierite, ‘ : ; — 0°30 — 0°52 — 0°52 
Speisscobalt, . : 4 - 0°30 — 0°33 — 0°50 
Magnetopyrite, . : : — 0°30 — 0°40 — 0°54 
Fahlore, . P ‘ 5 — 0°36 — 0°52 — 0°52 
Arsenopyrite, . ‘ 2 — 0°40 — 0°45 — 0°54 
Platinum, ; ; : — 0°40 — 0°46 — 0°50 
Cuprite, . ‘ — 0°48 — 0°55 — 0°57 
Electric Light Carbon, : — 0°46 — 0°52 (2) —0°57 
Blende,_ . , — 0°48 — 0°52 — 0°55 
Boulangerite, ‘ ; : — 0°50 — 0°55 — 0°55 
Bournonite, . . . : — 0°50 — 0°55 — 0°56 
Coke, : : : — 0°52 — 0°52 — 0°42 (2) 
Ruby Silver-or e, : : — 0°54 — 0°53 (2) — 0°54 
Stephanite, f : : — 0°54 — 0°55 — 0°52 
Stibnite, . 3 ‘ : — 0°56 — 0°56 — 0°56 


matter of fact, the opposing E.M.F’. due to the precipitated gold is infinitely 
small at the first moment of precipitation from the solution, and does not develop 
an E.M.F. of 0°218 until the gold is sufficiently thick to take a massive 
form, as we shall see later. Only a very small E.M.F. is therefore necessary 
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with a greater E.M.F. than 0°218 in order to precipitate gold. The result 
a shows that a zinc-copper couple develops an E.M.F. of only 0°152, and 
if the above assumption were true, no gold should be precipitated. As a 


TaBLE XXIX.—Christy’s Electro-motive Series of Metals and 
Minerals in K Cy Solutions. 


M M M M 
7 KCy a KCy 100 KCy i000 KCy 
=6°5 p. ct. | =0°65 p. ct. | =0°065 p. et. | =0°0065 p. ct. 
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Speisscobalt, — 0°30 — 0°33 — 0°50 
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Fahlore, ; — 0°36 — 0°52 — 0°52 
Arsenopyrite, — 0°40 — 0°45 — 0°54 
Platinum, — 0°40 — 0°46 — 0°50 
Cuprite, . — 0°48 — 0°55 — 0°57 
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Blende, — 0°48 — 0°52 — 0°55 
Boulangerite, — 0°50 — 0°55 — 0°55 
Bournonite, — 0°50 — 0°55 — 0°56 
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Stibnite, . é — 0°56 — 0°56 - 0°56 


matter of fact, the opposing E.M.F. due to the precipitated gold is infinitely 
small at the first moment of precipitation from the solution, and does not develop 
an E.M.F. of 0°218 until the gold is sufficiently thick to take a massive 


form, as we shall see later. Only a very small E.M.F. is therefore necessary 
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to begin the precipitation. When an appreciable quantity of gold has been 
deposited we have a zinc-gold couple formed which gives a high E.M.F., and 
would ultimately become, as at d, 0°582 volt. 

A fault in using copper as a cathode surface is that, as soon as the gold 
begins to deposit, the copper becomes an anode like the zinc, and thereby 
reduces the cathode surface to that of the deposited gold. Consequently 
the chances of the gold molecules striking the permanent cathode surface 
are enormously reduced. If, on the other hand, we use couples } (Zn-Ag) 
or ¢ (Zn-Pb) we get an E.M.F. at first greater than the Zn-Au couple, 
but ultimately equal to it. In this case the Ag and Pb, being negative to 
gold, never become an anode, but its whole surface is retained to receive 
the gold deposit. The deposited gold, however, becomes an anode, 
while the Ag or Pb is the cathode, but as the difference of potential 
between gold and Ag or gold and Pb is very small, the amount of gold re- 
dissolved in this case is inappreciable. 

On examining Von-Oettingen’s and Christy’s tables it may be observed, 
that the weaker the solution the lower is the potential for each metal. Thus, 
gold has a plus value for strong solutions and a minus value for weak 
solutions. From this it may be inferred that if we had two solutions, each 
containing the same percentage of gold, but one strong in KCy and the 
other weak, it would be more difficult to precipitate the gold from the 
strong solution than from the weak one. This is very noticeable when the 
current is applied from an external source, but when we are depending on 
generating the current by immersing zinc in the solution the results are not 
so apparent. This is due partly to a fall in the potential of the zinc in weak 
solutions, as seen in the tables, but mainly to the physical condition of the 
deposited metal, which is a matter that will be dealt with later. 


CHAPTER XVIIL 
PRECIPITATION OF THE GOLD AND SILVER. 
Section LIL. 


Electro-chemical Changes.—When simple salts of gold and silver are dis- 
solved in water their molecules become broken down, either wholly or partly, 
into ions. Thus the molecules of AuCl, dissociate into Au and 3Cl, and these 
are free to move in all directions. If, now, an electric current is caused to pass 
through this solution it directs the ions, the chlorine going to the anode 
(where the current enters the solution) and the gold to the cathode (where 
the current leaves the solution). 

When, however, complex salts of gold and silver, such as double cyanides, are 
dissolved in water, their molecules are also broken down, either wholly or partly, 
but in this case some complex ions are formed, of which the gold or silver is 
part. Daniell and Miller * investigated the nature of the ions, and found that 
when an electric current is passed through a solution of KAuCy,, or KAgCy,, 
the K is the positive ion and goes to the cathode, while the negative ion 
consists of gold or silver and cyanogen, and this goes to the anode. Hittorf 
has since confirmed this, and assumes the negative ion to be AuCy, for gold 
and AgCy, for silver. That is to say, when these complex salts are 
electrolysed, the gold and silver move in the opposite direction to that taken 
in the case of the simple salts. 

Electrolysis—Faraday discovered early last century that all ions carry 
the same amount of electricity, or a simple multiple of this quantity. Thus 
an univalent ion carries unit quantity, a bivalent ion twice that quantity, a 
trivalent three times, and so on. The combining power of ions is found to be 
conditioned by the number of units of electricity they carry. Those which 
carry one unit have unit-combining power, and those which carry two or 
three units have twice or thrice the unit-combining power. 

Metals separate from solutions in proportion to their chemical equivalents 
or combining weights. The actual. weight of each metal that separates per 
unit of current has been determined with great accuracy, and these are known 
as the “electrochemical equivalents” of the metals. They are the quantities 
of metal in grammes that precipitate when a current of one ampere flows for 
one second. Table XXX. gives a few of the more important metals, with their 
valency and electro-chemical equivalents in cyanide solutions. 


* Phil. Trans., 1844, p. 1. 
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To determine the maximum weight of metal capable of being deposited 
from a cyanide solution—Let 
A=current in amperes 
T =the time in seconds 
x =the electro-chemical equivalent 
W =weight precipitated 
then 


W=ATz in grammes 
or 


w=A% in ounces troy. 


The above gives the maximum quantity the current is capable of precipitat- 
ing, which is only obtainable with specially constructed apparatus, and from 
concentrated solutions of the salts. When the solution is very dilute, as in the 
cyanide process, the efficiency of the current falls off to a mere fraction of this 


TaBLE XXX. 

Electro- Electro- 

Metal. Valency.| chemical Metal. Valency.| chemical 
Equivalents. Equivalents. 
Hydrogen, . ; Ht 000010384 | Silver, . é ; Ag! 00111800 
Potassium, . : Ke 00040539 | Copper, . ; : Cu? "00032709 
Sodium, . : . | Nal | 00023873 | Mercury,. 4 : Hg? 00103740 | 
ford, . ‘ : Au! 00203733 | Zinc, : . Zn? 00033696 | 
| 


quantity. However, when we know the number of amperes of current used, 
the time, and the actual weight of metal precipitated, we are readily able to 
compare the efficiency of the current by the above formula for any particular 
case. 

Electrolysis of Simple Salts.—When simple salts, such as AuCl,, are 
decomposed by the current, the Au ions give up their positive charges at the 
cathode and separate as atoms of metal, while the 3Cl ions give up their 
negative charges and become electrically neutral, z.e. form free chlorine gas. 
Part of the free chlorine may escape to the air, but part will decompose water 
at the anode, forming hydrochloric acid and oxygen. 

If the salt were a highly oxidisable metal, as potassium or sodium, the K 
or Na ions give up their positive charges to the cathode, just as gold does, and 
separate as atoms or molecules. Now, the potassium, in contact with the 
cathode, has a very high solution pressure in presence of water, and dissolves 
as if it were a local anode, while its cathode is the same as that of the main 
current. The result is that the H ions of the water give up their positive 
charges at the cathode, while the OH ions give up their negative charges to 
the potassium, or take up positive charges from the potassium, and become 
electrically neutral KOH. The electrically neutral hydrogen deposited at the 
cathode may become occluded to the point of saturation, or in other words the 
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cathode becomes polarised, and so long as the electro-motive force of the main 
current is kept greater than the opposing E.M.F., due to polarisation, so long 
will the potassium continue to separate and decompose water. Consequently 
the hydrogen will continue to deposit, and as it cannot be occluded beyond 
a certain point with a given E.M.F. it escapes as gas. The reaction may be 
expressed in its simplest form thus— 


K+HOH=KOH+H 


It must not be forgotten that there is also a primary decomposition of the 
water that liberates hydrogen at the cathode and oxygen at the anode, 
independent of the secondary action of the potassium. This occurs even with 
a very minute current. 

The anion of the salt, whose nature depends on the acid, gives up its 
negative charge at the anode and becomes electrically neutral. It is there left 
free in the solution and decomposes the water, liberating oxygen, or may com- 
bine with a salt in the neighbourhood of the anode. If the salt, being electro- 
lysed, is KCl, the liberated chlorine attacks water thus— 


2C14+ H,O=2HC1+0 
and when KOH is present we have 


2C1+2KOH=KCl1+ KC1O+H,O 


Electrolysis of Complex Salts.—It has been pointed out that when a 
complex salt such as KAuCy, is electrolysed, the K ion goes to the cathode and 
the AuCy, ion to the anode. It may be asked, if this is the case, how is it 
that the gold is ever deposited at the cathode? The only way the ion AuCy, 
can get to the cathode is by a movement of the solution in an opposite direc- 
tion, which overcomes the force of the current that tends to draw the gold- 
bearing ion away to the anode, but it is assumed by some authorities that as the 
osmotic pressure of the gold is very considerable, the ion breaks down again 
into Au and 2Cy ions, and that the metal then deposits as in the case of a 
simple salt. It is probable that this accounts for a portion of the metal 
precipitated, particalarly when the current is of high E.M.F. 3 

Hittorf attributes the deposition to secondary action caused by the 
potassium set free at the cathode. We have followed this matter up, and 
from further investigation have come to the conclusion that the complex ion 
AuCy, gives up its negative charge at the anode, becoming electrically neutyral, 
and separates as gold and cyanogen atoms or molecules at that electrode. 

By using an insoluble anode we are able to investigate the nature of the 
solution collecting around that electrode without introducing metallic ions. 
We find that the cyanogen liberated attacks the water and free alkali, the 
changes being for the most part— 

2Cy + HOH=HCy+HCyO 
and 
2Cy +2KOH = KCy+ KCyO+H,0 


The gold actually deposits on the anode, but in presence of Cy ions of 
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KCy in solution AuCy forms at that electrode, and this compound dissolves 
in excess of the KCy solution to form KAuCy, just as if a gold anode were 
being used. 

At the same moment that the AuCy, ion gives up its negative charge at 
the anode, the K ion gives up its positive charge at the cathode, and separates 
as an atom. The potassium is thereby made the positive electrode of a 
galvanic cell, its negative electrode being the cathode of the main current. 
The action of the potassium is then the same as that described under electro- 
lysis of simple salts, 7.e. local currents are continuously kept up by the 
separating atoms. At the same time molecules of KAuCy, are carried, by 
diffusion of the liquid, into the paths of these local currents, whereby the ions 
are directed, the K cations giving up their charges at the cathode, and the 
AuCy, anions giving up their charges at the local anode ; that is, at the potas- 
sium atom separated by the main current. The gold then becomes part of the 
cathode of the main current, while the liberated cyanogen is left free to 
combine with the water or alkali in the vicinity. 

A loss in cyanide always occurs when KAuCy, is electrolysed, both at the 
anode and cathode. 

It is not at all necessary that the AuCy, ions should come in contact 
with the anode of the main current, for the reason that the useful work 
done by main current is in separating potassium atoms at the cathode. 
The secondary action caused by these atoms at the cathode, then, does 
the useful work in precipitating the gold, and it is only necessary that 
the molecules or ions containing the gold should strike the cathode of 
the main current where the potassium is being separated. The potas- 
sium is not necessarily derived from the KAuCy, salt, but may be, and 
is in practice, derived chiefly from other salts in the solution. It is, of course, 
to be understood that.other positive metals than potassium act as the anode 
of the secondary currents, and it would appear that under certain conditions 
hydrogen was capable of taking the part of a positive metal for this purpose. 

Diffusion at the Cathode.—From the last paragraph it is obvious, that one 
of the essential points in precipitating the gold and silver from cyanide solu- 
tions, is that of rapid diffusion at the cathode of the main current. 

In the cyanide process we have often to deal with a solution containing 
less than 1 part of gold by weight to 100,000 parts of solution, or about 5 
dwts. per ton, which shows what an enormous amount of solution has to come 
in contact with the cathode in order to yield 1 part of gold. It is usual in 
extracting the gold to pass the solution between several sets of electrodes until 
the gold contents are reduced to 10 grains per ton, or something less than one 
ina million. This fact alone will emphasise the importance of diffusion. 

Now, the action of the main current, as already stated, is to take the gold 
to its anode, and if it were not that other forces are at work, but little gold 
would be precipitated at the cathode. The rate at which metallic ions move 
by the action of the current is fortunately not great, being under 1 in. per 
hour with a potential gradient of 2°5 volts per inch, and this is usually over- 
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come to some extent, by diffusion of the liquid. In practice, the necessary 
diffusion is accelerated by allowing the solution to flow between the electrodes 
at a suitable rate. 

The time required for the deposition of the gold to take place when the 
AuCy, ions come in contact with the potassium anode may be considered, for 
practical purposes, as z/, and the whole of the time of precipitation is there- 
fore occupied in bringing these ions in contact with the electrode. The time 
required to exhaust a solution of its metal may therefore be decreased, by 
either increasing the rate of flow or by increasing the cathode surface, in such 
a manner that a larger proportion of molecules strike that electrode. These 
are practical considerations which will be dealt with later. 

If it were made possible to remove the solution to another vessel im- 
mediately after it was in contact with the cathode, making room for fresh 
solution to be acted on, we might readily have perfect precipitation. In 
practice, however, the solution from which the metal had been precipitated is 
allowed to diffuse to the other solution still containing gold, and the result is 
a poorer gold solution, to be acted on in turn. Now, the poorer the solution 
becomes the further apart must be the molecules or ions carrying the gold, 
and consequently, with a constant rate of flow, the number of ions that strike 
the same area of cathode surface must be an ever decreasing quantity. 

Electrolysis by a Galvanic Couple.—When a positive metal, having a 
difference of potential at two parts of its surface, is immersed in a salt of a less 
positive one, the dissolving part becomes the anode and the less soluble part 
the cathode, and precipitation of the less positive metal proceeds as if the 
current was applied from an external source. If the salt is a complex one, as 
KAuCy,, the action may be said to take place as follows :— 

Let us assume that the precipitating metal is zinc, which contains lead as 
an impurity, and the solution potassium cyanide containing some KAuCy,. 
Currents are generated by the dissolving action of the zinc, as already ex- 
plained, flowing through the solution from the zinc to the lead. In the paths 
of these currents molecules of KAuCy, are carried by diffusion, and their ions 
are directed, the AuCy, going to the zinc and the K to the lead, where they 
simultaneously give up their charges and become atoms or molecules. The gold 
deposits on the part of the zinc where the current enters ; that is, the anode and 
the Cy, is left free to combine with KOH or water, as already stated. The K ion 
gives up its charge in the same way at the lead and becomes an atom, forming 
for the moment an anode, while the lead is the cathode. Gold is then de- 
posited on the lead as the solution diffuses to that electrode, in the way described 
under electrolysis of complex salts. Thus, when a zinc-lead couple is employed, 
gold deposits both at the zinc and the lead, whereas when we apply a current 
from an external source, gold is deposited permanently only at the cathode. 
At the moment the atom of gold is deposited on the zinc its tendency is to 
re-dissolve, but a new positive or anode part of the zinc takes this atom as a 
negative electrode or cathode, on which to deposit potassium atoms. The potas- 
sium, as it separates, keeps up local currents that precipitate further quantities 
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of gold as the solution diffuses, and thus the deposit thickens. The propor- 
tion of gold actually precipitated by the primary action of the zinc must 
necessarily be small, as the surface soon becomes covered with gold, and the 
chief amount must be obtained by the secondary action of the potassium. 

It is not necessary that the zinc should come in contact with the gold 
solution, provided that an electro-negative surface in electrical contact with 
the zinc is supplied, on which the potassium atoms may separate. Thus a 
surface of lead, tin, iron, etc. may be employed in contact with the gold 
solution, while the zinc is in a separate cyanide solution containing no gold, 
and separated from each other by a porous partition. All that is required 
then to deposit the gold, is to connect the zinc with the negative surface by 
a wire, and cause the gold-bearing solution to diffuse. 

Neither is it necessary that the zinc should dissolve in a cyanide solution. 
Any other solution by which zinc is attacked will answer to a greater or less 
degree. In practice the solutions usually contain free alkali with the cyanide, 
in which case the free alkali answers the same purpose as the cyanide, that is, 
the production of electric currents and the deposition of the alkali metal at 
the negative surface. 

What has been said with reference to diffusion of the solution at the 
cathode when an external current is applied, is of equal importance when 
precipitating with a galvanic couple. 

Polarisation.—If{ two pieces of metal, such as lead, are placed in a salt 
solution, such as cyanide, and are connected with the terminals of a galvanome- 
ter and the terminals of a galvanic element, it may be observed that at the 
moment of contact a considerable current is indicated, while later the needle 
goes back almost to zero, thus showing that the current had nearly stopped. 
If, now, the element be cut out of the circuit, the galvanometer indicates a 
current almost equal to that of the maximum primary current, but in an 
opposite direction. This is known as the “polarisation current,” and, like the 
primary current, will be found to fall in intensity, at first rapidly and 
afterwards more slowly. Polarisation may be due to several causes, but the 
chief one is owing to the accumulation of hydrogen at the negative electrode. 

When a current is passed through an aqueous solution, hydrogen ions are 
always un-ionised at the cathode, that is, they separate in molecular or gaseous 
form, which up to a certain point, dependent on various factors, such as atmos- 
pheric pressure, temperature, etc., accumulate and become occluded. Oxygen 
separates at the same time at the anode, and there becomes occluded. If the 
primary current is cut out, we have a hydrogen-oxygen gas cell formed, short- 
circuited through the galvanometer, which results in a current in the opposite 
direction to that of the primary one. This current has an electro-motive force, 
dependent on the concentration of the gases, which, however, is never greater 
than that of the primary cell. 

It was found in one case that when the concentration of hydrogen was a 
maximum, for a normal atmospheric pressure and a temperature of 50° F., the 
E.M.F. of the polarisation current was 11 volts. If, now, this current be 
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opposed by connecting the electrodes with a primary cell of 1:1 volts we 
have equilibrium and nothing happens, but if the primary cell be less than 
1:1 volts, say 0°6 volt, we get a polarisation current of 0-5 volt (1:1-0°6), which 
gradually diminishes until the concentration of the hydrogen is such as would 
produce an E.M.F. of 0°6 volt. On the other hand, if the E.M.F. of the 
primary cell is greater than 1°] volts, say 1:3 volts, then water is decomposed, 
with a current having an effective E.M.F. of 0°2 volt, and hydrogen and oxygen 
escape to the air. We must therefore remember that this opposing force is 
always present when precipitating metals from solutions. By raising or lower- 
ing the atmospheric pressure the E.M.F. of the polarisation current is raised or 
lowered accordingly, and by increasing the E.M.F. of the primary current the 
E.M.F. of the polarisation current is also increased, but not in proportion, 
there being always a falling off in the latter as the former becomes higher. 


GH APE UXeLX: 
PRECIPITATION OF THE GOLD AND SILVER. 
Section ITI. 


The Significance of E.M.F. for Precipitating.—It is well known to 
analysts that in the precipitation of metals by electrolytic methods, every 
metallic salt is only capable of being decomposed and the metal preci- 
pitated continuously, when the E.M.F. of the current has reached a certain 
voltage. This varies with different metals and with different salts of the same 
metal. Thus the E.M.F. for a continuous precipitation of silver from normal 
solutions of silver nitrate has been found to be 0°7* volt, while if a current 
of the same E.M.F. was applied to a normal solution of potassium silver 
cyanide we should find little or no silver on the electrode; and again, a 
current with an E.M.F. that would just precipitate silver from a cyanide 
solution would not be sufficiently high to precipitate zinc from the same 
solution. 

Le Blanc investigated this subject, and found that the cause of a metal 
- not being continuously precipitated until a definite E.M.F. is reached may 
be understood from the fact that when the metal in question is precipitated 
at the cathode it exhibits an opposing E.M.F., at first very small, which 
goes on increasing to a maximum, 7.¢. until the deposit is in a massive form. 
When the E.M.F. of the primary current is at or near that of the opposing 
E.M.F. of the massive metal at the cathode, we have the minimum E.M.F. 
of decomposition, and any E.M.F. above that effects a continuous deposit. 
Every metal dissolved in a solution has a certain tendency to change into 
the metallic state, some more than others, just as every metal has a tendency 
to change into the ionic state, or, as we say, to dissolve. Gold ions have a great 
tendency to change into the metallic state when compared to zinc ions, and 
when in the metallic state the gold has a much smaller tendency to change 
into the ionic state than zinc. From this it follows that when precipitating 
these metals the opposing E.M.F. of the deposited metal must be greater 
in the case of zinc than gold, and therefore the minimum E.M.F. of decom- 
position must be higher in the case of zinc than of gold. 

When a piece of zinc is placed in a cyanide solution containing a few 
pennyweights of gold per ton, very thin films or a number of specks of 
gold are first deposited. The difference of potential between the gold and 
the zinc is then of great magnitude, but this goes on decreasing as the 
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deposit increases in thickness, until the latter assumes the massive condition 
of a plate of gold. For the same reason highly oxidisable metals separate as 
atoms with a current density of low E.M.F., but they cannot assume the 
massive form until the E.M.F. of the primary current is greater than that 
produced by the massive metal. 

The nature of the electrode on which the gold is precipitated has influence 
on the effective E.M.F. of the primary current. Thus the E.M.F. that 
would just precipitate gold on a gold cathode would not be effective in 
precipitating gold on a more highly negative substance, such as carbon, for the 
reason that the precipitated gold in contact with the carbon re-dissolves in 
presence of free cyanide, due to the formation of a gold-carbon couple. 

Physical Effect of the Nature of the Electrodes.—The minimum E.M.F. 
of decomposition is found to depend not only on the metal and the nature 
of the salt, but on the physical condition of the surface of the electrodes. 
Thus, if the electrodes have a hard smooth surface, such as rolled metal, the 
decomposition point is found to be much higher than when the surface is 
of a granular, spongy, or slimy nature. This is very marked in the case 
of platinum electrodes, and is more or less marked in the case of other 
metals. Thus, when the electrodes consisted of hard rolled platinum foil, 
we found at normal atmospheric pressure and 50° F. the minimum decom- 
position point of water to be 1°8 volts, whereas, when the electrodes were 
platinised, under similar conditions, the decomposition point was only 1:1 
volts. When the cathode consisted of hard rolled lead, we found that the 
decomposition point was always higher than when it consisted of spongy 
lead. Again, if a zine plate is the positive electrode of a simple cell and rolled 
lead the negative electrode, the electrolyte a solution of pure KAuCy,, little 
or no gold is precipitated. If next we substitute a negative electrode of 
spongy lead, the gold rapidly precipitates. In the first case, with rolled 
lead the decomposition point was higher than the E.M.F. between the lead 
and zinc was capable of effecting, but in the case of spongy lead the decom- 
position point was reached although the E.M.F. was the same as in the 
first case. If the lead is jagged or granular it has the same effect as spongy 
lead, differing only in degree. When lead is deposited in a spongy form 
on zinc the gold precipitates for the same reason. | 

The phenomenon is traced to the occlusion of hydrogen. With smooth 
surface cathodes the hydrogen is only slightly occluded, and a film of the gas 
separates the metal from the solution. The film of gas introduces a resistance 
into the circuit, and to overcome this a higher E.M.F. than is available 
would be necessary. When, however, the surface is granular or spongy, 
it is capable of occluding the hydrogen and the surface film does not appear, 
or only partially, so that the available E.M.F. is sufficient to effect 
decomposition. 

It is well known to those accustomed to precipitating gold with zinc 
shavings, that when dealing with dilute solutions the gold is apt to adhere as a 
thin hard film, after which the precipitating properties of the zinc seem to be 
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almost at an end. This appears to be due simply to the raising of the decom- 
position point above that which the zinc is capable of effecting. The hard film of 
gold has the same properties as that of hard rolled metal. Anything that will 
cause the surface to be roughened will lower the decomposition point. In 
practice, this is done by adding cyanide or alkali to the solution, so as to 
temporarily increase the strength of the solution. The precipitated gold is 
then caused to partly shell off or loosen and form a number of jagged edges, 
which admit hydrogen to become occluded. The addition of cyanide or alkali 
not only lowers the decomposition point, but slightly increases the E.M.F, 
between the zine and gold, and thereby increases the current density for the 
time being. This causes a slimy loose deposit to form, and thus the danger of 
raising the decomposition point again is diminished. In practice, this danger 
is often obviated by the method, patented by J. S. Macarthur, of dipping the 
zinc into acetate of lead solution before putting it into the precipitating box. 
This causes a loose spongy lead deposit on the zinc, which acts as the negative 
electrode and forms the so-called ‘zinc-lead couple.’ Then when the gold 
solution is passed through the mass of zinc-lead couples it meets with a ready 
formed negative surface favourable for maintaining a low decomposition point 
of the solution. On the other hand, if we start with clean zinc, a considerable 
time must lapse before a suitable negative surface is formed, and there is 
always the danger of this surface forming so as to raise the decomposition 
point. This danger is not so great in strong 
solutions as in weak solutions ; and if the solution 
is sufficiently strong in cyanide and rich in gold 
to produce a loose slimy deposit, there can be 
little or no advantage in precipitating the spongy 
; N M 

lead on the zine. 

Influence of Current Density.*—If the area of 
the anode be great and the cathode small, we may 
get, even when the current strength is small, a 
high density current at the cathode; but when Tighe me Lowand beh 
the current is reversed, it would give a compara- current density. 
tively low current density at the cathode. This is 
illustrated graphically in fig. 24. If N and M represent the edges of circular 
discs in a solution of a salt, and a current be sent from N to M through the 
solution, the current becomes more dense at M than at N, as shown by the con- 
verging lines ; but if the same current be sent from M to N, the current becomes 
less dense at N than at M, as shown by the diverging lines. Now, in practice we 
find that with a low density current a hard smooth film of metal adheres firmly 
to the electrode, as for instance when a metal is precipitated at N, but if the 
density is high as at M, the deposit becomes of a granular or loose slimy nature. 


* By current density is meant the ratio of the strength of the current passing, to the 
area of the anode or cathode. Thus, if A is the strength of the current in amperes, and B 


the area of the electrode in feet, then + = density of current per square foot. 
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These are physical effects due to current density. In precipitating a metal by 
a current applied from an external source, as a dynamo, the physical nature is 
often a matter of no consequence, but there are special cases where it is a 
matter of great importance. When gold and other metals present are pre- 
cipitated as a hard film, considerable difficulty has been experienced in 
removing the gold without destroying the cathodes. Chas. Butters, however, 
got over this difficulty by employing a high density current, which deposits 
the metal in such a loose form that it could be wiped off the electrode as 
slime or powder. 

If the current is obtained from an internal source, as that obtained by the 
dissolving action of the solution on zinc, the current density is a matter of 
much importance. For if the current density be low, the gold precipitates as 
a hard film, which has the physical property of raising the decomposition point 
of the solution, as already explained, to such an extent that the E.M.F. 
between the zinc and gold is not high enough to effect precipitation. 

On the other hand, if the current density be high, a loose black slimy 
deposit results, which causes the decomposition point to remain low, and then 
the E.M.F. of the current between the gold and the zinc is sufficient to 
effect continued precipitation. 

In the cyanide process we have often to deal with a solution containing 
only a few pennyweights of gold or silver per ton, in presence of some pounds 
weight of free cyanide per ton, that is all the time re-dissolving a portion of 
the metal as deposited. If the cathode surface is small, a given current 
strength may produce a thick deposit, and as only a small amount of the metal 
is exposed to the solution, but little is re-dissolved. When the cathode surface 
is larger, a thinner film of metal is deposited in the same time, and as it 
exposes a proportionally larger area to the solution, more of the precipitated 
metal is re-dissolved. An extreme case would be where the cathode was so large, 
for the current strength, that the metal is re-dissolved as fast as it is deposited. 

When employing a current from an external source, such a state of things 
as the latter ought never to be possible, as we are able to measure and control 
the current strength, but when precipitating with zine, we may have, un- 
observed, an excessively large gold surface and a very small zine surface ; 
consequently the current density would be low, and would allow a large 
portion of the precipitated metal to be re-dissolved. 

It must not be inferred from what has been said that the smaller the 
cathode the better the precipitation, for it is obvious that the smaller the 
cathode the fewer will be the number of molecules that strike the surface in a 
given time with the same rate of diffusion. It is evident, therefore, that for 
every given set of conditions, there must be a certain sized cathode that will 
give a maximum efficiency of precipitation. This may be determined in an 
empirical way when we use a current from an external source, but when 
precipitating with zinc, we can only take the precaution of keeping a pre- 
ponderance of zinc surface exposed to the solution, and at the same time as 
large a negative surface as practicable. 
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The Effect of Mixed Salts on Precipitation.—Cyanide solutions that 
have been in use for dissolving gold and silver from ores usually contain 
impurities dissolved out of the ore. These to some extent accumulate, until 
we find foreign substances present ranging from a trace to 1 or 2 per cent., 
while the total amount of KCy present may be under 0°3 per cent. As might 
. be expected, these impurities have an influence on precipitation. 

When a current is passed through a mixture of salt solutions, it is 
generally found that the less oxidisable metals deposit with the least E.M.F., 
but the ions of all the salts migrate towards their respective electrodes. If 
the E.M.F. is increased sufficiently to deposit the more oxidisable metals, then 
they all deposit together, and if the more oxidisable metals are capable of 
decomposing a metallic salt or water, secondary action occurs which also 
precipitates the less oxidisable metals, when their molecules get by diffusion in 
contact with the cathode. If the solution contains, say, H,O, KCy, and KCl, 
then the K of both salts and the H of the water goes to the cathode, where, 
by secondary action, they precipitate the less oxidisable metals that may be 
in contact with the electrode at that moment, or the energy may be simply 
used in decomposing water. At the anode O, Cy and Cl are separated 
simultaneously with the K and H. These not only act on the water, as 
already stated, but act on each other. It is easy to see that in mixed 
solutions if a number of anions separate at the same time, they may combine 
with each other, or with compounds in the solution, to produce many complexes. 
In practice, however, the solutions being very dilute, it is improbable that the 
anions, as they are liberated, combine with each other to any extent, but for 
the most part decompose water. 

When precipitating with zinc, some of the impurities introduced into the 
solution have a detrimental effect. The worst of these are reducing agents, 
such as sulphides and organic matter. Reducing agents, generally, retard 
precipitation of the gold and silver, by lowering the E.M.F. of the current and 
hindering depolarisation of the negative surface, and consequently lessen the 
quantity of current generated. Soluble sulphides act on the zinc, forming an 
insoluble coating that renders it less soluble. With strong cyanide solutions 
the effect of sulphides is less than with weak solutions. 

We have made some determinations of the effect of minute quantities of 
NaS in a KCy solution of 0°25 per cent. on the precipitating properties of 
zinc. These are plotted in fig. 25. 

Cyanide solutions often become acid from being in contact with acid ore 
when the precipitation of gold and silver is affected to a marked degree. 

Precipitation from Acid Solutions.—When a solution becomes acid its 
dissolving action on gold and silver almost ceases, but any gold or silver that 
had been dissolved while in an alkaline condition still remains in solution. 
This is supposed to exist as hydroaurocyanic acid, HAuCy,. When a current 
is passed through this solution between insoluble electrodes in either an acid 
or neutral state, the gold and silver are readily precipitated at both the anode 
and cathode. That at the anode becomes AuCy or AgCy by the action of 
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free HCy in the solution, and this compound retards the current when the 
solution is rich in metal, but in highly attenuated solutions the AuCy or AgCy 
dissolves in the excess of HCy. The gold or silver precipitated at the cathode 
remains permanent. The potential of both metals with respect to acid solutions 
is a minus quantity, and therefore there is little or no tendency to re-dissolve. 
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Fie, 25.—The effect of Sodium Sulphide on the precipitating properties of Zinc in a 0°25 per cent. KCy Solution, 
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(H,SO,), precipitation is fairly rapid and perfect. For obvious reasons the 
use of acidified solutions is impracticable. 
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PRECIPITATION OF THE GOLD AND SILVER. ter 


The Velocity or Rate of Flow past Electrodes.—It has been pointed out 
that by increasing the rate of flow through the precipitating box, we bring a 
larger number of KAuCy, molecules in contact with the electrodes in the same 
time. This increase in rate of flow has also another advantage. 

The cathode always becomes polarised with hydrogen, which causes the 
K.M.F. of the primary current to be reduced, and if the E.M.F. of the primary 
current is small, it may be almost entirely stopped by the opposing E.M.F. of 
the deposited hydrogen. Now, it is well known that the solution in contact 
with air absorbs oxygen; and we find that if this oxygenated solution be 
brought into contact with the polarised cathode, depolarisation is effected and 
the primary current regains its original K.M.F., the reason being that the 
occluded hydrogen combines with the absorbed oxygen in the solution, form- 
ing H,O, and water. 

If the solution is motionless this regain of E.M.F. is only momentary, 
because the oxygen molecules in contact with the electrode become used 
up, and new hydrogen atoms are instantly deposited to take the place of 
those that combined with the oxygen. But when the solution is caused to 
flow past the polarised electrode, so as to produce a continued supply of 
oxygen molecules, we get a continued depolarisation, and if the rate of flow is 
sufficiently rapid, the hydrogen will be removed as fast as it is deposited. 

In a specially constructed experimental precipitating box to determine 
the effect of the rate of flow on polarisation, we found that when the solution 
had been standing still some hours the E.M.F. of the current between pre- 
cipitated gold and zinc was 0:01 volt. The head of the box was then elevated 
to different heights and the solution was run through at the greatest capacity 
of the box. When the slope was 1 in 30 the voltage was 0-08, when | in 20 
it rose to 0°23, 1 in 15 to 0°33, 1 in 13 to 0°42, and 1 in 12 to 0°56, and with 
a greater velocity in the rate of flow the E.M.F. remained constant. The current 
was generated in the above box by dissolving zinc in a solution of KCy and NaOH. 

When the current is supplied from an external source this effect of 
polarisation is not a matter of great importance, as it is easy to increase the 
E.M.F. so as to overcome the opposing E.M.F. of polarisation. But in pre- 
cipitating with zinc we are restricted to the E.M.IF’. between the zinc and the 
gold, which in working solutions is seldom greater than 0°55 volt. The 
specific rate of flow of a solution through a zinc precipitating box is there- 
fore a matter of practical importance, other than that of diffusion of the 
KAuCy, molecules already referred to. For, consider two boxes each contain- 
ing the same quantity of zinc, but in the first the zinc column had twice the 
length and half the sectional area of the other. Then for equal quantities of 
solution run through the rate of flow would be twice as fast in the first as in 
the second, but it would have twice the length of column to traverse, and there- 
fore the time of contact with the zinc would be the same in either case. If 
the precipitation was simply a matter of time of contact with the solution it 
should be as good in the first as in the second case, but practical experiment 
is against this, and the reason may be surmised from the above results. 


CHAPTER XX. 
PRECIPITATION BY ZINC. 


Tuis was the first commercially successful method of precipitating gold and 
silver from the solutions. The credit of its success is due to Macarthur and 
Forrest, who prepared the zinc in the form of fine thin shavings or turnings. 
Previously, zinc plates had been used or proposed, but without success, and it 
was not until 1888, when these inventors conceived the idea of cutting the 
zine into fine ribbon-like shavings, that any practical method of precipitation 
had been put forward, and for this reason, if no other, precipitation by zine will 
- always possess a scientific and historical interest. | 

As is well known, the method consists simply in passing the gold solutions 
through a mass of zinc shavings loosely pressed together, when the gold and 
silver deposits on the zinc surface. This is usually done in a long trough-shaped 
box (see figs. 106 to 110), divided into a number of compartments, so arranged 
that the solution flows upwards through alternate wide divisions containing the 
zinc, and downwards through alternate narrow divisions containing only the 
solution. In some cases the box has been made with all divisions of the same 
width, and all containing zine, so that the solution flows down through one com- 
partment and upwards through the following, but the former plan is generally 
adopted. The zinc rests on loose false bottoms or trays covered with sieving 
or perforated plate, which are arranged at a height of 4 to 6 inches from the 
bottom of the box,—the object being to leave a clear space where the pre- 
cipitate can collect without being disturbed, and, further, to facilitate an even 
flow of the solution. 

Preparation of Zinc Shavings.—These were originally prepared from rolled 
sheet zinc cut into discs of 5 to 12 inches diameter, which had about 1-inch 
holes punched in their centres, and about a dozen at a time were clamped to- 
gether on a screwed mandril. The mandril was secured to a simple lathe 
headstock fitted with cone pulleys, and the shavings were turned off with a 
broad carpenter’s chisel. The chisel was supported on a hand rest and held 
obliquely, so that the discs as turned took a somewhat conical shape. The width 
and thickness of the shavings could be varied at will, according to the wish of 
the operator. The best results are usually obtained at a speed of about 200 to 
250 feet per minute, but this may be made to vary rather widely with the 
shape of the turning tool. 

The above method is still largely used where labour is cheap, but where 
wages are high it is preferable to use one of the many specially designed lathes 


for cutting shavings with an automatic self-acting slide rest. Amongst these 
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are Liddell’s lathe, as supplied by the Cyanide Plant Supply Company, which 
is said to be capable of cutting shavings from discs ;3, of an inch thick at the 
rate of 150 lbs. per day of ten hours. 

Another special form of lathe, known as the “‘ Hampton,” has recently been 
introduced in America by the Pacific Tank Company, for producing shavings 
from rectangular sheets without previously cutting into discs. This -machine 
has a mandril with a keyway into which the edge of the sheet is inserted and 
fixed by a key. The sheet is then wound on the mandril, a second sheet is 
lapped under the end of the first and wound on also. The roll of metal is tied 
together by wire twisted round it, and the shavings are turned off the end of 
the roll by a square-nosed cutting tool, actuated by an automatic feed of the 
usual kind. A roller attachment is provided in the latest patterns for leading 
off the shavings from the cutting tool, and thereby reducing the necessity of 
superintendence to a minimum. 

In New Zealand and the United States very narrow filaments are preferred, 
but in many of the South African works a fairly broad shaving is found most 
serviceable. Theoretically, the thinner the filament the better, as the surface 
is proportionally larger for the same weight, but in practice it is found that 
when very thin the shavings break up into short lengths, agglomerate, and 
choke the zinc box, resulting in an uneven flow and an excessive quantity of 
finely divided zinc mixed with the gold slimes. 

On the other hand, if too thick the surface may be much reduced for the 
same weight of zinc, and when in use for some time lose, to some extent, the 
precipitating property of the thin shaving. A suitable thickness is found in 
practice to be z4,5 to g$p of an inch, and some operators prefer to mix shavings 
of different thicknesses. The width in practice varies from ;'; to 4 of an inch, 
a z1; to ¢ being preferred in most cases. 

The mportance of the width and thickness of shavings, however, largely 
vanishes when we employ a zinc-lead couple, described elsewhere. 

Minimum Strength of Solution.—Much diversity of opinion exists as to 
the weakest solution that can be used for efficient precipitation. This follows 
from the fact that, under working conditions, there exist a number of variable 
factors which are not taken into account, and thus make comparisons of little 
value. All authorities are, however, of the opinion that strong solutions give 
uniformly good results, while weak solutions give results that are more or less 
erratic. 

John Yates * says, in 1896, on the Rand, with solutions of 0:2 per cent. to 
mere traces of KCy, it was not uncommon to have the gold solutions in the 
sumps down to 4 dwt., and he instances cases where a few grains were frequently 
found. He, however, thinks that in slimes treatment when the strong solution 
is 0-008 per cent. and washings proportionately weak, zinc does not give satis- 
faction. L. S. Bosqui +t found that with 0°14 to 0°16 per cent. solutions he 
reduced 3 dwts. 21 grs. down to 2 grains per ton, and with 0:04 to 0:07 per 


* Jour. Chem. and Met. Soc. S. Africa, vol. i, p. 257. 
+ Trans. Am. Inst. Min. Eng., xxvii. p. 887 et seq. 
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cent. solutions from 2 dwts. 7 grs. down to 2°36 grains per ton. Alfred James* 
says, that in New Zealand “solutions containing less than 0-05 per cent. KCy 
are regularly reduced to below one grain of gold per ton, whilst in Mexico 
and the United States almost equally satisfactory precipitations are not 
uncommon.” He further adds that with very foul solutions containing iron and 
alumina salts, but o free cyanide, one may in practice reduce the bullion 
contents to 1 or 2 grains per ton, by allowing the solution to flow through the 
boxes at the rate of half a ton per cubic foot of zine per day. 

From James’ testimony it would appear that when precipitating from weak 
solutions, or those containing no free cyanide, it would only be necessary to 
increase the capacity of the zinc boxes when the presence of cyanide becomes 
unnecessary. On the other hand, according to Yates, 0°008 per cent. KCy is 
below the limit at which satisfactory results can be obtained. 

In spite of the above and similar conclusions by various other authorities 
cyanide men are constantly meeting with difficulties, in getting satisfactory 
precipitation from very weak solutions by means of zinc, the results being at 
one time good, and at another time bad, without any apparent reason. 

On investigating cases similar to those referred to by James, we have found 
that a satisfactory precipitation was obtained in very foul solution without 
diminishing the rate of flow, even in the absence of a trace of free cyanide, 
while with clean solutions containing as much as 0:06 per cent. free cyanide the 
extractions were invariably unsatisfactory. In seeking for the reason of this, we 
find that the amount of free cyanide present in solutions is only one of several 
factors that cause precipitation ; and further, that when the solutions contain 
very little free cyanide in presence of larger quantities of other salts, the 
amount of free cyanide is a factor that practically vanishes altogether. 
The chief factors of importance are the difference of potential between the 
zinc and the gold with respect to the solution, the current generated by 
the dissolving of. the zinc, and the physical condition of the negative surface 
which receives the deposit. Assuming that, in all cases compared, the latter 
factor is always the same, the question resolves itself into one of potential 
difference and current strength. In very weak solutions of pure cyanide the 
potential of zine falls considerably, as shown by Von Oettingen and Christy, 
Tables XXVIII. and XXIX., pages 111 and 112, and it may be assumed that 
when no cyanide was present it would be near zero, and no precipitation could 
take place. But in working cyanide solutions that have been in use for some 
time, and especially in the so-called foul solutions, the potential difference is 
practically the same with a little KCy as without. Therefore, as far as this 
factor is concerned, the presence of a little cyanide in foul solutions has little 
or no effect. Then again, in foul solutions containing no cyanide, we find that: 
the current strength is often practically unaltered by the addition of a small 
quantity of _KCy, such as is found in the more dilute solutions,—the reason 
being that the zinc is acted on by other salts present, which often amount to 


* Trans. Am. Inst. Min. Eng., xxvii. p. 278 et seq. 
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1 per cent., while the addition of such a small quantity of KCy as 0:01 per cent. 
has little or no effect. 

On the other hand, if we take a solution that is not foul and add to it a 
little KCy, it produces a sensible effect both on the potential difference and 
the current strength, for then the KCy present becomes a factor of importance ; 
but other salts would answer, more or less, the same purpose, as already stated. 
Therefore we cannot rely on the amount of KCy present in these dilute 
solutions as any guide for good precipitation. 

Zinc-lead Couple in Practice.—We have already referred to the physical 
condition of the negative surface as one of the factors that affects precipitation. 
In strong cyanide solutions or solutions containing a large percentage of other 
salts this factor is not very apparent, for the reason that the gold deposits more 
or less, so as to produce a negative surface of the requisite physical condition, 
but when the solution is very weak in salts, the gold deposits as a hard film, 
which raises the decomposition point, as already described. 

W. K. Betty observed that when a zinc-lead couple was used with very 
weak cyanide solutions, even in absence of any appreciable quantity of other 
salts, as is the case in the treatment of slimes, a satisfactory precipitation 
could be obtained. The use of this couple had been previously patented by 
Macarthur, but when it was applied to the strong solutions then used in 
sand treatment, its value was not appreciated, because the gold deposited in a 
loose powdery form, and therefore the zinc-lead couple was uncalled for. 

The method of preparing the zinc-lead couple is by immersing the ordinary 
zinc shavings in a solution of lead acetate containing from | to 5 per cent. of 
lead, just before being placed in the precipitating box. By this treatment 
metallic lead is precipitated in a loose spongy form on the zinc to the extent 
of about 1 per cent. of the weight of the latter. 

The boxes used are usually the same as for the older process, and the rate 
of flow, with very dilute solutions, varies from 4 to 1 ton of solution in twenty- 
four hours for each cubic foot of space occupied by the zinc, the specific rate of 
flow being from 0°11 to 0°33 ft. per minute. With this rate of flow W. A. 
Caldercott gives the following results from six of his circular precipitation 
vats, working in pairs, at the Witwatersrand Gold Mining Company.* 


Solution entering first vat, 2 dwts. 20 grs. per ton. 


>, leaving - Oe - 
- », second vat, ae Sep Ps 
99 99 third 39 4 29 9 


These vats were each 5 ft. in diameter and 3 ft. deep inside. 

The following figures published by A. H. Hartley + relating to the zinc-lead 
couple are interesting, because some copper in addition to the gold was present 
in the solution. From these four metals six different couples might be formed, 


* Jour. Chem. and Met. Soc. S. Africa, vol, ii. No, 11. 
t+ Ibid., vol, ii, p. 101. 


132 CYANIDING GOLD AND SILVER ORES. 


which would render the action somewhat complicated ; nevertheless the results 
were satisfactory. 


Per cent. KCy. Gold at head of box. Gold at foot of box. 


0°02 oy 1 dwt. ta trace 
0°007 Stes 20 dwts. ee a 
0°004 24 


? aes 9? 


When the zinc-lead couple was first applied to very dilute solutions, great 
stress was laid upon the necessity of adding KCy at the head of the boxes 
for a few hours, each time they were filled with freshly prepared zinc, but 
since the general adoption of the process it has been found that this precau- 
tion is unnecessary. The ordinary practice is to put newly prepared zinc in 
the boxes which receive the weakest solutions, and to transfer it later to the 
boxes for strong solution. 

Consumption of Zinc.—The actual amount of zinc dissolved during the 
precipitation is a matter that is not easy to determine, but it is certainly 
many times in excess of the theoretical quantity required. If the whole of 
the zinc dissolved was used to precipitate the gold or silver in the solution, 
1 ounce should deposit 6 of gold or 3 of silver, and this is about what we 
should get in a concentrated solution of KAuCy, or KAgCy,, for then the 
molecules of the salt are so numerous that as one is decomposed and the 
metal precipitated, fresh molecules instantly come in contact with the metallic 
surface and are also decomposed as the zinc dissolves. In the cyanide process, 
however, we have to deal with solutions containing about 1 part of gold in 
100,000 to 1,000,000 parts of water, so that the molecules of the salt are so 
far apart, as to make it impracticable to bring the gold-bearing molecules in 
contact with the metallic surface, as fast as required by the dissolving zine. 
The result is that we get a hundred or more zinc molecules dissolved for 
every molecule of the gold salt that strikes this surface at the right spot and 
at the right time. The zinc is therefore for the most part wasted in decom- 
posing water and liberating hydrogen. 

It follows that the richer the solution is in gold, the smaller will be the amount 
of zinc required to precipitate the same weight of metal, provided the solutions — 
are alike in strength as to other salts. Strong salt solutions dissolve a larger 
quantity of zinc in the same time than weak solutions, but in practice the 
weak solutions are poorer in gold than the strong ones, so that the amount of 
zinc dissolved per ounce of gold precipitated in either case does not vary as 
much as might be expected. 

Zinc Box Operations.—In charging a zinc box it is preferable to select 
a portion of the shavings somewhat coarsely cut, and to lay these on the trays 
in each compartment to a depth of a few inches. On the top of these the 
thinner shavings are placed by drawing them loosely asunder and spreading 
as evenly as possible, taking care to press them gently into the corners to 
avoid any channels of easy flow. The last compartment is generally left 
empty to act as a settler, which is to avoid the danger of the precipitate 
being carried away in suspension in the solution. This compartment has 
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S»metimes a screen of coarse hessian or burslap placed near the surface of 
the solution, in order to act as a filter and check any fine slime being carried 
away. Its use is, however, seldom found of value. 

In re-charging the zinc box the old shavings are usually placed in the 
compartments at its head, and those at the foot are recharged with new 
material. It is good practice always to place a little of the new coarsely cut 
shavings on each tray before putting back the old shavings. 

The gold-bearing solution is allowed to flow through the box at as uniform 
a rate as practicable. The most suitable rate of flow, which varies with the 
sectional area of the column of zinc, with the area of the zinc surface, and 
other factors, is found by trial. 

With a little practical experience the operator gets a rough general idea as 
to whether precipitation is effective or not. If the precipitate is loose, of a 
black or dark-brownish colour, it may be taken for granted that the gold is 
precipitating satisfactorily. If, on the other hand, the deposit is firm and of 
a lightish colour, it is probable that the sump solutions will have high assay 
values. It is usual then to take the precaution of adding a few pounds of 
cyanide lumps or caustic alkali to the head of the zinc box, and thus tempo- 
rarily increase the action on the zinc. The lightish colour then disappears 
and the deposit should become loose. The light-coloured precipitate is not 
always a sign of poor precipitation, as it is often caused by aluminous or other 
matter precipitated from the solution, but it is generally advisable to keep 
any such precipitates at a minimum. If this cannot be done by temporarily 
increasing the strength of the solution, it then becomes advisable to clean-up 
often. 

After the solution has been flowing some time the zinc is apt to become 
loose and to float, due to a portion dissolving and to a large amount of adher- 
ing hydrogen. When this happens, channels of easy flow are apt to form 
around the sides and in the corners of the compartment, resulting in a poor 
precipitation. This is prevented by a careful examination of the boxes at 
least twice a day, and a little fresh zinc added, particularly at the corners, 
when an appearance of looseness is observed. When any movements of the 
zinc are made, or when fresh zinc is added, it is usual to stop the solution for 
a time to allow loose precipitate to settle. 

Copper in the Solutions.—Much difficulty has often been experienced by 
the presence of copper in the solution. Zinc in a cyanide solution precipitates 
copper, but the potential difference between the two metals is small compared 
with that between zinc and gold, or zinc and silver. The effect of this is 
that a solution which would just precipitate a loose black deposit of gold 
would not be at all suitable for producing a loose deposit of copper. If 
copper were present in such a solution it would be precipitated as a firm 
metallic coating, such as would raise the decomposition point of the solution 
above that which the potential of the zinc was capable of effecting, and then 
the action falls off. Should the solution be sufficiently strong in salts to 
deposit the copper in a loose form, both gold and copper precipitate together ; 
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but as the solution pressure of copper is higher than that of gold, a larger pro- 
portion of the former is re-dissolved, and the net result is a poorer precipitation. 

The strength of the solution required to produce this loose deposit of 
copper is not often met with at the present day in treating gold ores, and it is 
therefore advisable when copper is troublesome, from an economic point of view, 
to resort to other methods of precipitation, such as the electrical process 
described later. When copper is known to be present in an ore, care should 
be taken to make exhaustive quantitative tests before deciding to employ zinc 
as a precipitant. 

Efficient Precipitation.—Good and bad precipitation is largely a matter 
of opinion. Thus, in one work where the sump solutions never exceed 1 dwt. 
the precipitation is regarded as efficient, whereas at another work 10 grains is 
considered the maximum for efficient precipitation. There are some who reduce 
their solutions to 1 or 2 grains, but this is often a doubtful economy. 

Data for Designing Zinc Boxes.—The following data taken from practice 
may be useful in designing boxes, and for purposes of comparison. They re- 
present the average results of assays and measurements for twenty consecutive 
days, during which period 4746 tons of solution passed through the boxes. 

Average value of solution before precipitation, 18 grs. 

Average value of solution after precipitation, 1°5 grs. 

Daily tonnage of solution, 237°3. 

Gross capacity of boxes, 454 cubic feet. 

Cubic feet in boxes for each ton treated, 1°91. 

Space actually occupied by zinc-lead, 240 cu. ft. 

Solution per day for each cubic foot of zinc, 0°99 ton. 

Longitudinal section of zinc space, 16 sq. ft. 

Length of zine space, 15 ft. 

Rate of flow, 5:27 ft. per minute. 

Specific rate of flow, 0°33 ft. per minute for each square foot of section. 


PRECIPITATION BY ZINC FUME. 


This method was introduced by H. L. Sulman in 1894. It has been fully 
described by him* and by Hugh K. Picard,t who successfully carried out 
the process at Deloro in Canada. The following description is principally 
compiled from these two sources. 

Zinc fume consists of a fine powder of metallic zinc and some impurities. 
According to an analysis by R. H. Harland, the latter are chiefly, lead 1°74 per 
cent., cadmium 0°69 per cent., iron 0°11 per cent., arsenic trace, siliceous 
matter 0°19 per cent., carbon 0°52 per cent., and zinc oxide from 3 to 5 per 
cent. The latter is removed by treating the fume with weak ammonia, after 
which the fume is ready for use. 

The apparatus used is an inverted cone made of ;%; inch steel, usually about 


* Jour. Soc. Chem, Ind., xvi. p. 961, 1897. 
t+ Trans, Fed. Inst. Min. Eng., xv. p. 417, 1897-8. 
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5 feet diameter and 5 feet deep, coated on the inside with zinc fume in boiled 
oil or galvanised. This size is capable of treating about 2 or 3 tons of solution 
per hour. At the bottom of the cone is a three-way cock for the admission 
of the liquor to be treated, and to discharge the precipitate. Immediately 
above this is a perforated conical rose, intended to split up the inflowing liquor, 
and above this is a central pipe, spread out to a funnel shape at each end. The 
zinc is fed into the top funnel, and meeting with the rising solution, a complete 
mixture is effected. 

Around the top of the cone is a circular launder to receive the overflowing 
liquor, from whence it passes to a settler, and on to storage vats, to be used 
again. The settler is 8 feet long by 1 ft. 6 in. wide and 2 ft. deep. It 
contains a number of transverse baffle plates of glass or smooth wood, set at 
an angle of 45°, with half-inch spaces between them. The liquor enters at the 
bottom, and as it rises slowly through the baffle plates, deposits particles of 
fume or gold on them which may have escaped from the cone. 

The following quantities were used for 15 tons of strong solution carrying 
6 ozs. per ton. When the liquor supply is started, 12 lbs. of zinc fume are put 
into the bottom of the cone, and after 3 tons have passed, 14 lbs. of fume made 
into an emulsion are fed into the central tube. After 6 tons have passed, 
another 14 Ibs. are added, and after 9 tons, 2 lbs. more, and a further 2 lbs. after 
12 tons have passed, making a total of 19 Ibs. for the 15 tons. Picard recom- 
mends a rate of flow of 2 tons per hour for 6 oz. liquor. 

For 14 tons of weak solution, 17 lbs. of fume were used, which was added 
more frequently than with strong solution. The total consumption is therefore 
36 Ibs. of fume for 29 tons of liquor, or 1°24 lbs. per ton solution. About 2 
dwts. of bullion were left in the solution per ton. This could have been 
lowered by a larger consumption of zinc. The precipitate was found to contain 
from 8 to 30 per cent. of bullion. 

_ Another method of using zinc fume practised at De La Mar’s mines, Mercur, 
Utah, has been described by G. A. Packard.* 

For the daily treatment of 500 tons of ore, there were three precipitating 
tanks, each 14 ft. diameter and 8 ft. deep. In these the zinc dust was added 
to the solution, which was then agitated by compressed air forced in at the 
bottom of the tank. The treated solution was next forced through filter 
presses, five being in use, having each 18 frames 2 ft. square. Sometimes the 
precipitate was allowed to settle before drawing off the solution, and at De La 
Mar’s mill the outlet pipe was 8 inches above the bottom of the tank, leaving 
much precipitate to be cleaned up by hand. It is said that by this method the - 
bullion recovery fully equals the theoretical extraction, and that 0°2 to 0°25 
per cent. KCy solutions can be reduced to 5 grains of gold per ton, weaker 
solutions (0-05 per cent.) to 2 grains per ton, with a consumption of about ¢ Ib. 
zinc per ton of ore. 

* Jour. Chem. and Met, Soc. S. Africa, vol. ii. p. 128, 1899. 


CHAPTER XXL. 
ELECTRICAL PRECIPITATION. 


General Considerations.—In all precipitation processes now in general use 
electro-chemical action takes place, although the term ‘electrical precipitation ’ 
is usually limited to those methods in which the current is supplied from 
an external source, such as from a dynamo, or primary or secondary 
cells. 

As already pointed out, when a current is applied to a cyanide solution con- 
taining gold or silver, the K ions travel towards the cathode and the AuCy, or 
AgCy, towards the anode, and also it has been shown how important it is to 
overbalance this influence of the current by giving motion to the solution, so as 
to bring the gold- and silver-bearing ions in contact with the cathode. Some, 
however, do get to the anode, where they give up their negative charges and 
separate as atoms, and this accounts for the gold found in the ferric oxide 
attached to iron plates when these are used as anodes. 

The deposition of gold from cyanide solutions has been carefully studied 
in connection with electroplating, and something bearing upon our subject 
may be learned from the experience gained in that process, although the 
purposes and conditions of the work in ore treatment are very different. 

For example, G. E. Bonney states* that with both gold and silver an 
excess of anode surface tends to enrich the solution, while an excess of cathode 
impoverishes it. This of course refers to the use of gold anodes, but never- 
theless it points to the advantage of a large cathode area when the intention 
is to reduce the quantity of gold in the solution as far as possible. 

Again, it has been found that to obtain a good adherent deposit in electro- 
plating, the current must be roughly proportional to the quantity of gold per 
unit of solution. Fora current of 10 amperes per square foot, the poorest 
solution used contains about 50 ozs. of gold per ton, and this is equal to 0-01 
ampere per square foot for each dwt. in the solution. 

Sherard Cowper-Coles obtained a bright coherent deposit from solution 
containing 20 ozs. per ton with three amperes per square foot = 0:0075 
ampere per dwt. In ore treatment with, say, 4 dwts. per ton of solution, a 
current of 0°05 ampere per foot will give an adherent coating = 0-013 ampére 
per dwt. 

As the relation of current strength to solution value is nearly the same 
through such a wide range, it may be fairly assumed that it will hold good 


* Electroplaters’ Handbook, Whittaker & Co., 1898, p. 158. 
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with still poorer solutions ; and therefore to obtain a good firm coating of gold 
on the cathode, the current density should be less for extremely poor solutions, 
as for instance in slime treatment, than it is for the relatively richer ones 
dealt with in treating sands. But, as will be seen later, it is not always 
necessary or desirable to have an adherent deposit. 

It has also been found in plating that with solutions poor in gold, the 
quantity deposited per unit of current is less than the theoretical’ amount, 
and, as might be expected, this loss of efficiency is enormously greater when 
dealing with the very poor liquors which are used in the cyanide treatment 
of ores and tailings. Thus, in the former case a current of 10 ampéres per 
square foot will deposit about 40 grains per ampére-hour from a liquor 
containing about 100 ozs. per ton, while in the latter case from a 3 
dwt. solution about 2 grains per ampere-hour may be expected, and in 
eases where the solution is practically exhausted the quantity may not exceed 
0-2 grain. (For method of comparing current efficiency see page 115.) 


THE KLECTRODES, 


Anodes.—These may be broadly divided into three classes as follows :— 

1. (a) Those soluble in the cyanide solutions; (0) Those soluble in an 
electrolyte separated from the cyanide solution by a porous partition. 

2. Those which are difficultly soluble in a cyanide solution. 

3. Those which are practically insoluble. 

1 (a). The advantage of soluble anodes over insoluble anodes is that a 
very much smaller E.M.F. is required to produce the same result. Thus, in 
one case with a soluble anode and a current of 0°5 volt, the amount of a 
solution decomposed was as great as with 4 volts when the anode was 
insoluble. This is due in the two cases to a difference in the contact resist- 
ance to the current, as it leaves the electrode and enters the solution, which is 
sometimes called ‘transfer-resistance.’ This is undoubtedly a physical effect, 
which must not be confounded with the phenomena of polarisation. With 
insoluble anodes, this resistance is said to be largely due to a condensed film 
of gas, which is only slightly removed by agitation of the liquid, but it is 
also accounted for by other actions of a more complex nature. 

When the anode is in a solution of maximum solubility, transfer-resistance 
is generally at a minimum, and as the solution becomes more dilute, the 
transfer-resistance increases. With a zinc anode, which is soluble in a cyanide 
solution, the E.M.F. of the current need be very small compared with an 
iron anode, which is difficultly soluble, in order to decompose the solution. 
But in the cyanide process the solutions are so very weak and variable that 
it becomes difficult to regulate the E.M.F. to suit. If the E.M.F. is too great, 
the electrode becomes coated with a zinc compound, which does not dissolve 
as fast as formed, but accumulates, and may offer such a resistance as to stop 
the current altogether. On the other hand, if the E.M.F. be sufficient to 
overcome this resistance, an excessive quantity of zinc is corroded, and is re- 
precipitated along with the gold and silver at the cathode. Other soluble 
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anodes in highly dilute cyanide solutions are acted on in the same way, and 
produce insoluble coatings which are troublesome to contend with. 

1 (0). In order to obviate some of the above difficulties, inventors have 
sought to use porous partitions between the solution containing the anode 
and that containing the cathode. Thus, N. S. Keith * proposed to use porous 
pots containing anodes of zinc or iron in chloride or sulphate of ammonium. 
The strength of the anode solution could then be adjusted so as to keep the 
transfer-resistance much lower than if these anodes were in the weak cyanide 
solution. There is, however, a transfer-resistance between the solution in the 
porous pot and the cyanide, to be taken into account. The process is not 
impracticable, but it remains to be proved whether it can be economically 
applied or not. 

2. Iron is the most important metal of the difficultly soluble class. In a 
strong cyanide solution with a weak current the compound formed is, for the 
most part, K,FeCy,, but in a dilute solution with a current of high E.M.F., 
such as is generally employed, the K and Cy ions are too few to carry the 
whole of the current, so that the water and other compounds act also as 
conductors. The result is that the iron for the most part is oxidised by the 
liberated oxygen forming hydrated oxides of iron, and to a smaller extent a 
number of compounds with the cyanides, of which Prussian blue is one. 
After being in use some time, iron anodes swell considerably in thickness, due 
to an accumulated crust of iron oxides. 

3. Gas-carbon may be put into this class, but in all solutions in which 
oxygen is liberated at the anode, carbon disintegrates, forming a black sub- 
stance called mellogen, with some carbonic oxide and carbonic acid. 

Graphite also disintegrates, and becomes partly oxidised in the same way, 
but no mellogen is formed. 

Peroxide of lead has been revived by E. Andreoli, who first prepared his 
plates by the method which Planté introduced in connection with electric 
accumulators. But his present method7 is to place the lead plates in a 
solution of plumbate of soda, in which “they are rapidly coated with peroxide 
of lead, then withdrawn, washed, and placed in a strong KCy solution, where, 
under a heavy current, they become hard, and have a good crystalline 
appearance.” 

Bettel prepares lead anodes by painting their surfaces with peroxide of 
lead, or pulverised graphite incorporated with linseed oil. 

If lead plates are properly peroxidised, they have good crystalline surfaces. 
In this state they are very slightly acted on by the cyanide solution, and 
last a long time. If, however, the peroxidising has not been properly done, 
the plates soon blister, even with a weak current (0°06 ampére per square 
foot), and fall to pieces. 

Charles Butters was the first to successfully use the Andreoli peroxidised 
lead plates as the anodes on a commercial scale. The advantages over iron 


* Jour. Inst. Elect, Eng., vol. xxiv. p. 242 et seq., 1895. 
+ Jour. Soc. Chem. Ind., xvi. 96, 1897. 
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were found very striking in the absence of sludge in the bottom of the boxes, 
and as there is no wasting away to provide for, these plates need not be very 
thick. Then, as the covering of sacking used with iron is unnecessary, and 
further, as there is no growth of adherent matter upon them, they can be 
placed closer to the cathodes. For actual results obtained with these Andreoli 
plates in practice see Table XXXIII., pages 150 and 151. 

Cathodes.—Just as there is transfer-resistance to the current in passing 
from the anode into the solution, so there is transfer-resistance in passing from 
the solution to the cathode. Its magnitude varies with the nature of the 
electrode and the electrolyte, being generally greater than the resistance at 
the anode, although in some cases it is much less. 

It was stated several years ago by A. von Gernet that the cathode should 
fulfil the conditions quoted below, and as this statement has been largely 
accepted and often repeated, it is worth while to discuss it. 

“1. The precipitated gold must adhere to it. 

2. It must be capable of being rolled out into very thin sheets, to save 
unnecessary expense. 

‘3. It must be easy to recover the gold from it. 

“4, It must not be more electro-positive than the anode, in order to pre- 
vent return currents being generated when the depositing current is stopped. 
The most suitable metal was found to be lead, which in the form of lead foil 
meets all requirements, and is therefore used in the Siemens-Halske process.”* 

Of these so-called necessary conditions it may be said— 

1. It really does not matter whether the gold adheres or not, provided 
that it can be readily recovered ; with an insoluble anode the gold can be 
precipitated quite as conveniently and allowed to fall to the bottom of the box, 
while with the iron anode there is always so much gold in the sludge that it 
has to be treated, and therefore if the whole of the gold were in the sludge 
instead of partly on the cathode, it would mean treating the sludge only, in- 
stead of bullion and sludge. Therefore, technically, there is no advantage in 
an adherent coating, though financially with the Siemens process there is an 
advantage, in that the gold can be more quickly realised in most cases from 
the lead than from the sludge. 

2. As this is merely a matter of cost, a cheaper material in somewhat 
thicker sheets would be equally good. 

3. This is merely a corollary of No. 1, and disappears with it. 

4. This is of little importance as regards the reason given, because it is 
quite simple and usual to break the circuit when the dynamo is stopped, thus 
preventing any return current. But as a matter of fact, lead is more electro- 
positive than iron in KCy solutions, and therefore does not fulfil this fourth 
requirement. See Von Oettingen’s table on page 111. Therefore it is clear 
that these conditions are not of general application. 

While offering the above criticisms upon the theoretical reasons given for 
the use of lead foil, we fully appreciate its practical value as a cathode and the 

* Proc. Chem. and Met. Soc. of S. Africa, vol. i. p. 30. 
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many other advantages of the Siemens-Halske process, which is dealt with in 
detail below (see page 142). 

The following other substances have been proposed as substitutes for lead 
for this purpose. 

Carbon in thin blocks would no doubt be quite effective electrically, but 
would be fragile to handle, and costly. 

In 1894 Julian made application for a patent in the Transvaal for the use 
of cathodes made on the principle of those used in galvano-plastic work. The 
cathode consisted of metallic or other surface coated with a conducting sub- 
stance. Thus iron coated with plumbago or waxed conducting substances 
were tried, the great advantage being that the bullion could be stripped off the 
cathodes and melted into bars without being contaminated with base metals. 
With rich solutions the process worked well, but when poor in bullion it be- 
came difficult to get a film deposited evenly, so that the effective electrode 
surface was diminished. 

Another cathode on the same principle was employed, which consisted of 
cotton or other fibrous threads or woven material, rendered conducting by one 
of the well known methods. These passed over rollers up and down a number 
of times through each compartment of the precipitating box, using lead 
peroxide anodes. These threads were continuous in long lengths, and to re- 
move the deposited metal they were drawn between rollers at the head of the 
box and cut off. A great advantage of this method is that a clean-up could 
be conducted very often, with only a short stoppage; and further, that the 
bullion obtained is not necessarily contaminated with other metals, as the 
bullion-covered threads have only to be smelted with borax and an oxidising 
agent. Of the woven materials a cheap open cheese cloth was found to be the 
best. 

Zinc plates were tried by Andreoli, who was not satisfied with them, but pre- 
ferred ordinary sheet iron or steel, from which he removed the gold deposit by 
dipping it into a bath of molten lead covered with oil. We have also used iron 
with success, and find that in order to get the best results all the oxide should 
be removed off its surface. This we have done by immersing the plates in the 
following mixture :—100 parts of water, 10 sulphuric, in which 1°5 of zine is 
dissolved, and then adding 10 of nitric acid. If then washed in abundance of 
water and kept in an alkaline solution they remain nearly as bright as silver. 
In this state they receive a perfectly uniform deposit. Lead cannot be used 
to remove the deposit as this injures the iron surface for re-use, but if placed 
in narrow iron boxes containing 2 to 5 per cent. KCy solution, and connected 
with Daniell cells in parallel to form the anode while the box is the cathode, 
the gold and silver rapidly dissolve off without re-precipitating, leaving the plate 
perfectly bright and clean, and ready to go back into the precipitating box. 
The cyanide solution, when rich enough in bullion, is then evaporated in an 
iron vacuum pan, and the residue is simply melted in a plumbago crucible, 
the product being pure bullion and a slag of cyanide and cyanate. This 
slag being soluble in water, no shot metal need be left behind. 
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Aluminium was proposed by Sherard Cowper-Coles,* who says that the 
gold can be deposited as a metallic sheet, and afterwards detached by stripping 
or rubbing. We experimented with aluminium as a cathode at the Rand 
Central Ore Reduction Company in 1893, and found that, owing to the 
difficulty of removing and collecting thin deposits, and for other serious 
reasons, they were unsuitable. 

Amalgamated copper plates as cathodes have been used in various ways, 
as, for instance, in the Pelatan-Clerici process, described on page 157. They 
have also been in use by Julian, as described pages 3 and 4, by Keith and 
Andreoli, but the most scientific study in connection with them has been made 
by Dr T. K. Rose.t 

The result of his experiments with solutions containing 10 ozs. of gold per 
ton is, that with a current of greater density than 0-03 ampére per square foot 
part of the precipitated gold is amalgamated, but the remainder is thrown 
down on to the mercury in the form of black powder, which will not immedi- 
ately amalgamate unless sodium amalgam is added. This black powder can 
be removed by means of a feather. As the current density is decreased the 
proportion of black powder grows less, until at 0°027 ampere practically the 
whole of the precipitated gold is amalgamated, and the cathode remains clean. 
Dr Rose has apparently not investigated this powder to ascertain whether it 
is metallic gold or whether it is a compound of gold and cyanogen. These 
experiments certainly show that with 10 oz. solutions the gold is thrown 
down faster than it can amalgamate. But they do not lead to any conclusion 
as to what would happen with solutions containing a few dwts. or less per ton. 
It seems likely in the latter case, that the same or even a greater current 
density could be used without forming the black powder, because deposition 
takes place so very much more slowly from liquors which carry little gold. 
From a scientific point of view it would be interesting to clear up this doubt, 
for unless a high current density can be employed, there is little likelihood of 
amalgamated copper being used as a cathode for the complete exhaustion of 
low grade solutions, due to the following reasons :— 

1. With a surface equal to that employed with lead, the cost of copper and 
mercury would be excessive. 

2. The plates permanently retain a portion of the precipitated gold. 

3. The plates become corroded and in time get destroyed, possibly by the 
joint action of the mercury and potassium, or sodium, electrically deposited 
from the solution. 

In spite of these objections, however, such cathodes are in use in South 
Kalgurli mine in West Australia for the partial precipitation of the gold from 
slimes pulp, which is kept agitated in the precipitation tank, the pulp being 
afterwards filter-pressed. 


* Trans. Inst. Min. and Met., vol. vi. p. 219. 
t+ Trans. Inst, Min. and Met., vol. viii. p. 369, 1899-1900, 


CHAPTER XXII. 
THE SIEMENS-HALSKE PROCESS. 


In the practical application of this process, so ably worked out by A. von 
Gernet and Chas. Butters, the anodes consist of sheet iron from 4 to } inch in 
thickness. These are sewn up in covers of medium quality hessian or other 
suitable textile material of fairly open texture, in order to prevent short- 
circuiting, which otherwise is very likely to occur as the plates increase in 
thickness, by the accumulation of iron oxide on their surface. 

In the first installation at the Worcester mine in Johannesburg these 
anodes were 7 ft. long by 3 ft. wide. Afterwards, in order to decrease the 
number of electrical connections, larger plates were tried, up to a maximum of 
8 ft. by 4 ft. 6 ins. But, as might have been anticipated, these large plates 
proved too unwieldy for convenient handling, and the present practice is to use 
small plates in all cases, and to vary the number according to the size of the 
precipitation box, as it is practically easier to deal with a large number of 
plates light enough for one man to lift than to have fewer plates of great 
weight. The increased number of connections is a matter of small importance, 
because each one has less current to carry. Also with small plates the cur- 
rent density is more uniform than with large ones. 

A convenient size is from 4 to 6 square feet, so that each plate will weigh 
from 30 to 60 lbs. ; and in choosing the unit size, reference should be made to 
current market dimensions, so as to avoid waste in cutting. The standard size 
adopted by the Rand Central Ore Reduction Coy. in Johannesburg is 2 ft. by 
1 ft. 8% ins. by 5% inch. In Australia we used plates 2 ft. 4 ins. by 2 ft. 
by 4 inch, and found them very convenient. At the top corner of each anode 
is brazed a strip of iron 1 inch wide by 4 inch thick to connect with the 
conductors from the dynamo. The strip and its junction with the plate are 
covered to prevent corrosion. 

The cathodes consist of lead foil 0032 inch thick, weighing about 0°19 Ib. 
per square foot. Sheets of this foil are hung from horizontal iron wires, by 
turning the top edge of each sheet over the iron wire, and sewing with fine 
copper wire. The supporting wires were at first fixed in a wooden frame, but 
this is now dispensed with. These wires are connected to the main conductor 
from the dynamo. . 

The earlier boxes were divided into compartments in the following way : 
The width of the box was made equal to the length of the iron plates, which 


were placed crosswise in the box. Water-tight joints were made between 
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some of the plates and the sides and bottom of the box, while sufficient space 
was left under the other plates to provide for the circulation of the solution. 
This method was found to be troublesome when cleaning up the sludge or 
attending to the anodes. In the later boxes wooden partitions were provided 
with alternate spaces for the downflow of the solution between the precipitating 
compartments. In these boxes the electrodes are placed parallel to the sides 
of the box, and the length of each compartment is made to suit the size of the 
anode plates. Further details will be given of these boxes when dealing with 
the construction of the apparatus used. Table XXXI. gives a number of 
particulars as to dimensions, etc. taken from actual practice, and includes 
some of the most recent installations. 

It will be seen in the above table that in the earlier boxes used at the 
Worcester mine and at the Gibraltar mine in Australia, which were provided 
with alternate sheets of iron and lead of practically equal size, that about 16 
cubic feet capacity was required for each ton of solution treated in twenty-four 
hours. This is considerably in excess of the size used for zinc boxes, and it will 
be interesting to notice the means by which the size has been somewhat reduced 
already, and to examine the possibilities of further reduction. At least three 
ways suggest themselves of effecting improvement in this direction, viz., first 
by increasing the density of the current ; second, by putting the electrodes closer 
together, thereby enlarging the surface of both electrodes, and consequently 
increasing the total current ; third, by increasing the cathode surface without 
increasing that of the anodes. (1) By merely strengthening the current the 
total amount of gold precipitated is very slightly increased ; a larger proportion 
of it is, however, thrown down in the sludge, but the principal result is a 
greater decomposition of water, thereby liberating more oxygen at the anode, 
and so causing a larger waste of iron. With this process, therefore, it is of 
no advantage to increase the current with the object of diminishing the size of 
the boxes. The greatest current density found suitable in practice is 0°06 
ampere per square foot of anode. 

(2) By placing the electrodes closer together and using the same current 
density, the total current will be increased, and the gold precipitated in a 
given time, though not in proportion to the additional electrode surface 
which can be placed in the box. Now, the thickness of an anode covered with 
sacking is about 2 inch, so that if the lead foils actually touched the sacking there 
would still be nearly half an inch between the centres of the anodes. But in 
working, as the ferric oxide forms on the anodes it swells out to say 2 inch, and 
as some space must be allowed, for the passage of the liquid between the 
electrodes, it is evident that the anodes cannot be placed closer together than 
14 inch centres as the extreme practical limit. In the boxes as originally 
made, the anodes were at 3 inches from centre to centre, so that it seems 
possible by this means that the cubic contents of the boxes can be reduced to 
about one-half the original size. This only applies to small anodes, where there 
is no chance of the plates buckling, because with large plates the 3-inch spacing 
is necessary on account of the twisting and bending of the iron anodes. 
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(3) But the third method has hitherto received more attention, namely, the 
enlargement of the cathode surface only. This is done by cutting the lead foil 
into strips about an inch wide, and slightly crumpling the strips to prevent 
them sticking together, the result being a sort of long fringe of lead. Several 
sheets so cut are then hung on an iron wire frame about 3 inches wide and 
placed between each pair of anodes, which in this case are spaced at 44-inch 
centres. At present two sheets are usually hung together on each frame, so 
that the cathode surface is thereby doubled, while the anode surface is reduced 
in the ratio of 3 to 2. Under these circumstances, with the same current as 
before, the precipitation is increased, because, as stated on p. 136, the excess of 
cathode tends to impoverish the solution. In other words, the amount of gold 
precipitated depends upon the area of cathode surface as well as upon the cur- 
rent, and is independent of the anode surface. The reason for this has never 
been fully explained. But the increased. efficiency of the box is not propor- 
tional to the enlarged cathode area ; and although this method has been fully 
tried, with various numbers of lead sheets on each frame, the best result as yet 
obtained is that by doubling the cathode surface per cubic foot, the box can 
be reduced to about two-thirds of the size of the original type. As some 
parts of the lead are sensibly farther from the anode than other parts, the 
deposition of gold is less uniform; and by having so much more lead, either 
the resulting bullion must be poorer or the gold must remain longer in the 
boxes, thereby incurring a greater loss of interest. Some boxes are now 
being tried without enclosing the anodes in sacking. In order to avoid any 
possibility of short-circuiting, the anodes are at present placed at more than 
the usual distance apart. Jf wider spacing proves in practice to be really 
necessary, there does not seem to be any advantage in such an innovation. 
This brief review of the various methods tried is sufficient to show that the best 
possible arrangement of electrodes for this process has not yet been finally 
determined. 

Table XXXII. shows the number of square feet of anode or cathode surface 
required for a given precipitation when working with electrodes of equal area. 
All the available figures have been plotted on squared paper, curves drawn 
through the points so obtained, and the table compiled by scaling the figures 
from the diagram. 

Half this surface multiplied by the distance in feet between one pair of 
anodes will give the cubic contents occupied by the electrodes. By adding 50 
per cent. to this for unoccupied space, the capacity required in the boxes is 
determined for any degree of precipitation for one ton per day, and this multi- 
plied by the tons of solution to be treated in twenty-iour hours will give the 
total capacity of the boxes in cubic feet. 

As an illustration of the use of this table, we may take the following 
example :-— | 

Let us assume that it is required to precipitate 200 tons per day of solu- 
tion carrying 34 dwts. (84 grs.) per ton down to 8 grains, which will represent 
the maximum demand in ordinary sand treatment. 
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From the table we get 90 square feet, and taking the anodes at 0°25 ft. 


centres, we have % x 0:25=11:25 cubic feet occupied by electrodes for each 


ton of solution. Adding 50 per cent. gives 16°875 cubic feet. Multiplying 
by 200 we get’ 3375 cubic feet as the total capacity required in the boxes 
for this particular case. 


Tantus XXXIL—Showing area of either Electrode required im the Electrical 
Precipitation of 1 ton of solution in 24 hours, when working with anodes 
and cathodes of equal surface. 
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Note.—Find horizontal line corresponding to known original value and vertical column 
under the residual value. At the intersection of these two is the area required. 


When the cathodes are each formed of two sheets of lead in strips the table 
can still be used, but the actual capacity required in that case is, as already 
stated, about two-thirds of that calculated in the above manner. 

From the table it may be seen that the area required to completely 
precipitate a solution carrying 72 grains per ton is very little greater than is 
necessary for a solution worth 36 grains, and this illustrates the fact, that the rate 
of precipitation diminishes very rapidly as the liquor becomes poorer. This is 
still more clearly shown in fig. 26, in which we have plotted the percentages of 
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gold precipitated at equal intervals of time, as calculated from results of pre- 
cipitation tests made by J. R. Williams, and published by the Rand Central 
Ore Reduction Coy. 

Circuit and Connections.—The main current is generally carried 
along the sides of the box by copper strips, provided with branch strips, which 
are carried along the partitions of the several compartments. The iron strips 
of the anodes and the supporting wires of the cathodes are sometimes con- 
nected to these copper strips by means of small bolts and nuts, but in other 
cases the branch conductors are replaced by mercury in the following manner. 
A piece of hard wood is fixed on the partitions, and provided with a longi- 
tudinal groove # inch deep by } inch wide. This groove is nearly filled with 
mercury, into which the wires from the electrodes dip. This method is more 


0 J 6 ? 12 15 18 R21 24 hours 
Fic. 26.—Rate of Precipitation of Gold, 


frequently used for the cathodes than for the anodes. For the same purpose 
an iron tube filled with mercury has been tried by Carlin. A. von Dessauer 
suggests a grooved iron bar, or a bar with holes at intervals filled with mercury. 
He gives* the following measurements by Dr Pauli, to show how the loss of 
voltage and consequent variation of current density is lessened by using metal 
instead of wood. 

(a) Wooden trough with mercury. Terminal E.M.F. 3°82 volts, maximum 
decrease in 8 feet 0°71 volt. This means that if the current density on the 
first plate were 0°05 ampere per sq. ft., it would be only 0-041 on the last 
electrode attached to the same trough. 

(b) With 4 inch brass tube 8 ft. long filled with mercury the figures were : 
Loss of E.M.F., 0°015 volt; loss of energy, 27 watts as against 1300 watts 
= 1:74 h.p. with the wooden trough. 

The original method of arranging the circuit was to use four boxes in series, 


* The Carlin tube—Jour. Chem. and Met. Soc, S. Africa, vol. ii. No, 4, p. 68. 
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and to place all the plates of each box in parallel, as shown diagrammatically in 
fig. 27. 


22% Box 3°" Boy 


Anodes 


Cathodes 
Anodes 


Cathodes 


> > > 


Fig 27.—Arrangement of Circuit with Electrodes in Parallel and Boxes in Series. 


In some of the later plants the boxes were placed in parallel, but the plates 
in each box were in series. Thus the anodes of the first section were connected 
to the positive pole of the dynamo, while the cathodes were connected to the 


155| Box « 2"") Box 3°24! Box 4%) Box 
t 4 
Anodes. ’ ’ 
+ 
| Cathodes S Ca) 
Anades ns 
S\ 
Q = 


Cathodes 


Fic. 28.— Arrangement of Circuit with Electrodes in Series and Boxes in Parallel. 


anodes of the following section, the last set of cathodes in each box being, of 
course, connected to the negative pole of the dynamo, as shown in fig..28. We 
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have always used the first and simpler method with satisfactory results, an1 
there seems to be no particular advantage in the second arrangement. When 
the boxes are in parallel, a separate current indicator should be provided for each 
box. When in series, fig. 29 shows a simple method of connecting the volt 
meter through a five-way switch, so that the voltage can be read on any 
number of boxes, or on the line wire alone, or on the dynamo. An alarm bell 
or visible indicator is necessary to give notice if the current by any means is 
reversed in direction. Messrs Siemens and Halske of Berlin make a shunt 
current regulator, which also reverses the polarity of the dynamo when 
required. 

Iron Consumption and Sludge Production.—The iron consumed per 
ton of solution treated will depend upon the total anode area and the current, 
which again depend upon the original value of the solution and the degree of 
impoverishment required. In most cases the amount of iron used will be 
between 0°33 and 0°67 lb. per ton of solution, or say an average of 0°5 Ib. 
Assuming that half of this loss is in worn-out plates and that the other half is 
converted into oxide, the amount of sludge to be expected is 0°35 Ib. per ton. 
In practice, however, the amount of sludge collected does not usually exceed 


Man Line Wire 


Precyutahon Boxes 


Fic. 29,—Arrangement of Switch. 


0-2 Ib. per ton of solution. Some of the iron dissolves, becoming K,FeCy,, and 
some of the ferric oxide formed is carried off in suspension in the water, and is 
deposited in the solution tanks and ore vats. A little gold will be carried 
with it, but this is probably re-dissolved in the subsequent operations. 

Lead Consumption.—The amount of lead foil used depends almost 
entirely upon the relative value of the liquor treated, as compared with the 
grade of bullion produced. Thus, if the average extraction per ton of solution 
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Tons Solution 
24 hours. 


12,45.) 3.6, 


TABLE XXXITT. 


Solution Values 


Weak. | Strong. 


372 | 288 
Pea | ges | 
ira Ge pie 
384 | 216 | 
384 | 216 
7 asac cine 
Polgea) | are &. 
een) oie 
384 | 216 | 
384 | 216 
gga | 216 
384 | 288. | 
yee 
384 | 288 
 gg4_| 288 
320 | 240 
38a | 288 
384 | 270 
384 | 288 
gaa | 288 | 
368 | (288 
er ois 
73 | 216 
sia | 288 | 
~g12 | 288 
38a | 288 | 
Penta eed 
a4 | 240 
PU ans | a6iy 
Sosa 
TS r 


Box 3 and 6, Box 1, 2, 4, 5. 
Entering. Leaving. Entering. Leaving. 
Au$. Ag. oz.| Au §. |Ag. oz.| Au$. |Ag. oz.| Au$. |Ag. oz 
2°76 | 3°32 | 18 | 20, “1-89 '| ee ) a eran 
“76 [ eas) as | as [ia| ae) ae | a5 
2-80 | 3-60) 16 | 18 | 1-04] 1-35| 12 | 14 
2-64] 310) 18 | -19 | 1:12] 1-50] -12 | 14— 
3-40 | 411 | 18 | -26 | 1°04] 1:45] °08 | -14 
3°28 | 4:28 acc, 
3-48 | 472] -34 | -43 | 1-08| 1°53] 15 | 19 
3°32 | 4:09 | -34 | -38 | 1:12] 1-45 ere 
g-24| 4-43 | -46 | -57 | 1-08 | 1-45 | 15 | -15 
3°04 | 8°94 | °34 | -45 | 1°20] 1:59] 14 | +19 
2°80 | 384) 20 | 27 | 128] 1:70] 6 | -19 
236 | 3-04| 16 | -23 | 1:32] 1-65 | 14 | -14 
2°96 | 3°64] 14 | -19 | 1-24) 1:65 | 18 | -18 
lon bw. 
320| 319) 28 | -23 | 116| 1-44] 18 | “16 
3-68 | 478) -28 | -38 | 1-04| 1:30] 16 | 16 
3-80 | 4°58 | 30 | 36 | 1:04] 1°36 | 12 | “19 
2-96 | 4°35 | “14 | 22 | 1°00| 1:29 “15 | -16 
252 | 3-34/ -20 | -25 | 1-08 | 1-47 | 47 | “17 
220 2°41 | 20 | 26 | 1:04) 1°38] 06 | “10 
2°52 2°45 | 20 | 21 | 1:04] 1:41] -08 | -09 
2°60 277 | is | 18 | 1-00 | 1-35 
968 | 2°55 | -24 | -22 | 100/138] .. | a. 
2-40 1-78 | -22 | -23 | -96| 1-30| -08 | -09 
3-28 | 359 | 24 | -26 | 1-08 | 1:39] 12 12 
3°20 | 3°97 | -34 | -37 | 1:04] 1:84] -16 | -19 
~9-g4| 410] 32 | -86 | 112) 1-42] 14 | -15~ 
2:92 | 3°52 | 30 | 30 | -96| 1a1| 14 | -13 
2-95 | 358 | -24 | -28 | 110| 145| 18 | 15 


Solution Values 


* The fraction indicates that a portion of the box had been thrown out of the circuit on that day. 
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TABLE XX XIII.—continued. 


Current Current 
Box 1, 4. Box 2, 5. 
Volts. | Amps.| Volts, | Amps. 
35 243 27 241 
34 243 | 27 243 
34 241 27 949 
35 242 AE 242 
32 199 26 240 
33 200 27 240 

32 200 26 238 
82 203 26 es 
382 207 26 241 
32 205 26 242 
30 187 26 O44. 
30 181 26 247 
30 183 238 245 
30 184 27 2438 
32 197 26 245 
2 | 194| 26 | 242 
32 200 26 245 
32 200 26 245 
Be 201 26 242 
32 200 26 243 
32 497 | 26 248 
32 195 26 245 
32 200 26 240 
82 200 26 240 
32 195 26 245 
32 200 26 235° 
82° 199 26 2438 
32 200 26 | 2388 
32 200 26 940 
32 | 200| 26°| 245 


— 


ee | | 


Current Amperes per sq. ft. Anode Surface 
Box 3, 6. Anode Surface. square feet. 
Volts.| Amps.| 3, 6. | 2, 5. | 1, 4. | 38, 6. | 2, 5. | 1, 4. 
26 488 "56 "28 35 
eo a ee 6950 | 6800 | 6800 | 
27 490 | ‘56 ‘28 "35 
o7 | 494] 56 | 28 | -35 | 
Diana oie bbe 1a 88 Fab) 
20 430 | °49 °28 29 
25 484 | ‘56 °28 "29 
21 449 | °d1 28 *29 
25 486 | °56 | "28 °29 Output for Month, 
25 485 | ‘56 ‘28 30 
25 484 | ‘56 | ‘28 | ‘30 | Box. | Oz. Au./ Oz. Ag.| Oz. Cu. 
25 484 "D6 28 ee) : ‘ 
eis Sas 6 205 5134 | 2300 
25 482 | °56 °29 °26 
26 488 "D6 °29 26 
3 ye’ 20000 500 
26 484 | ‘56 28 "27 
26 487 56 °29 ‘29 
eee 2 206 5396 | 6700 
26 485 | °56 °28 °29 
25 492 | ‘56 20 29 
1 179 4842 6700 
25 487 "D6 °29 29 
25 489 D6 °28 *29 
eee: See 4 43 1054 | 1580 
26 480 "56 *28 *29 
BG eARO 56 128 tDS 
eet 5 35 956 1110 
26 480 | ‘56 29 °29 
26 465 | °53 28 eo) 
ee oe ee ee ee Total,| 1439 | 37382 | 18840 
26 450 bl *28 °29 
25 450 Bay 29 29 
eee | 
25 450 61 *28 29 
25 448 "b1 28 “29 
25 447 "51 28 "29 
25 450 Sicbd *28 29 
25 445 | °5l *24 29 
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is 2 dwts. and the bullion contains 3 per cent. of gold, the quantity of lead 
consumed is 0°22 Ib. per ton. There is also waste of lead in cutting and 
variations in grade of bullion to be allowed for, and we have found in practice 
that under the above conditions the lead used is from 0°25 to 0°35 lb. per ton 
of solution. This will serve as a guide in estimating the consumption under 
any other specified conditions. 

Gold in Bullion and Sludge.—The following results from practical work 
will show how the values recovered are divided between the bullion, sludge, 
and slags. 


HLxzample a.—With clean quartz ore. 


Gold in bullion, . ‘ . 2603°63 ozs. 93°36 per cent. 
539 ELLs : : 185‘11 6°64 
2788 °74 100 


Hxample b.—Coppery ore. 
Gold in bullion, . : P 1323 64 ozs. 86°42 per cent, 


oie ts pee LO ec ‘ ° 18594 12°15 
999 slags, . ° ° 21°91 1°43 
1530°49 100 


In the first case the gold called for by assay was 2832716 ozs., so that the 
actual recovery was 98°47 per cent. of the theoretical. In the second case the 
gold as per assays should have been 1488°53 ozs., so the actual recovery was 
greater than the theoretical, due no doubt principally to inaccurate tonnage 
measurements. 

Modifications in Electrical Precipitation.—Chas. Butters made, as already 
stated, an important change in electrical precipitation by introducing, instead 
of iron, lead peroxide anodes, prepared by Andreoli’s method, which did away 
entirely with the sludge that collected in the bottom of the box. He further 
made an important change by using a high density current instead of the low 
density necessary with the Siemens-Halske process. 

As pointed out, when using iron anodes the greatest current density 
recommended is 0:06 ampere per foot square of anode, in order to avoid an 
undue consumption of iron. When, however, anodes of lead peroxide are 
used, the density of the current may be many times that amount without 
causing loss of anode. 

Physical Effect of a High Density Current.—It has been already stated 
at page 123 that a low density current deposits a hard firm film at the 
cathode, whereas a high density current deposits a loose slimy or powdery 
precipitate. Butters conceived the idea that by precipitating the bullion as a 
loose slime it might be then wiped off, and thus obviate the necessity of 
destroying the cathode, as is done in the Siemens-Halske process. In order 
to make this possible an anode other than iron had to be employed. Lead 
peroxide was found to meet all the requirements necessary. 

Butters uses a current density of about 0°28 to 0°56, or nearly ten 
times as great as practicable with iron anodes. The bullion separates as a 


ae 
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dark loose slime, and this is removed by simply running a wiper over the 
surface of the electrode while in position, at intervals, as the deposit accumu- 
lates. This metallic slime then falls to the bottom of the box, where it 
remains until the clean-up. Some of the advantages of the high density 
current are, that there is less irregularity in the results, and that the plant 
requires less supervision than the older method with a low density current. 
The bullion being metallic slime is in excellent condition for the refiner. 
The chief disadvantages are that the cost of power is increased and the 
quantity of cyanide destroyed is greater. 

Table XXXIII.* is a complete record of an ordinary month’s work in the 
precipitating boxes at the Minas Prietas Works in Mexico, where Butters’ 
modifications have been introduced, and have been working successfully for 
over two years. 


* We are indebted to Mr Charles Butters for this table, who has also kindly placed at 


our disposal a large number of other tables and practical results, being the work of members 
of his staff, 


CHAPTER XXIIL 
OTHER METHODS OF PRECIPITATION. 


Precipitation by Charcoal.—According to the laws of electro-chemical action 
already discussed, carbon per se cannot precipitate gold, because it is strongly 
electro-negative to the latter in a KCy solution. That charcoal is, however, a 
practical precipitant for gold from cyanide solutions has been demonstrated in 
several plants in Victoria, chiefly under the supervision of W. B. Gray, of 
Maldon, but no satisfactory explanation of its action can be given. Although 
it is usual to refer the effect to the presence of hydrocarbon gases in the char- 
coal, or to the decomposition of the double cyanide of gold and potassium in 
some unexplained manner, neither of these suggestions throws any real light 
upon the subject. 

The following quantitative results by S. B. Christy * are of special interest 
because so little scientific work has been done in this matter. Two solutions 
were prepared, each containing 20 mgs. of gold in 2000 c.c. of water, equal to 
5 dwts. 20 grs. per ton. One (a) contained no free KCy, the other (0) con- 
tained 0-2 per cent. 

Two glass tubes 2 cms. diam. by 10 ems. long were used for precipitation, 
cach containing 10 grammes of dry charcoal. The first 800 ¢.c. of each solu- 
tion required nearly two days to filter, after which (a) contained no gold and 
(5) only a trace. The next 1200 c.c. took nearly five days to filter, and the 
total filtrates contained (a) 0°01 and (0) 1:40 mgs. respectively. 

The charcoal filter (a) contained 20-03, while (0) contained 18°70 mgs., 
the actual extractions from these figures being 99°95 and 93:03 per cent. 
respectively. 

An important point brought out by these figures is that the efficiency of 
the charcoal had already been impaired, for the recovery from the first 
portions of the two solutions was 100 and 99 per cent. respectively, while the 
second portions only yielded 99°91 and 88°39 per cent. For the aqueous 
solution (a) the difference is so slight that it is inconclusive, but the difference 
in the case of the cyanide solution (0) is very marked. : 

Prof. Christy mentions that, in accordance with the above figures, the char- 
coal from solution (a) carried 0°2 per cent. of gold, and from (0) 0°187 per 
cent. He concludes that “these figures seem to represent the limit of enrich- 
ment at which the charcoal ceases to act in either case, the limit being lower 
in the presence of free cyanide.” He also found, with richer solutions carrying 

* “Solution and Precipitation of Cyanide of Gold,” Proc. Am. Inst. Min. Eng., vol. 


Xxvl. p. 746 ef seq. 
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about 30 ozs. to the ton, that the charcoal from an acid solution contained 
0-21 per cent. of gold, and from an alkaline one containing some free cyanide 
the charcoal carried only 0-091 per cent. of gold. 

If the gold is deposited in a metallic state, as it is from chlorine water, it 
is easy to understand why there is a limit to the amount carried by the char- 
coal when free cyanide or any other solvent for gold is present, For as soon 
as any gold is precipitated, a gold-carbon couple is thereby formed, which, of 
course, tends to re-dissolve the gold. As the gold surface increases, the rate 
of dissolution may in time become equal to the rate of precipitation. This 
explanation, however, does not apply in cases where no solvent for gold is 
present. It has been stated, moreover, that by reheating the charcoal, its 
power of precipitation is to some extent restored. We find by calculation, 
from records of actual work, that the charcoal when cleaned-up carries gold to 
the extent of 0-107 to 0:48 per cent. of its own weight. Differences of this 
kind at different plants are not surprising, as it is probable that the limit to 
the amount of gold deposited, depends rather upon the available surface in the 
pores of the charcoal than upon the weight of it, and in practice only the 
lighter and more porous portions are used, these being separated from the 
denser pieces by washing. 

Taking the mean of the last two figures, namely, 0°29 per cent., it follows 
that for every ounce of gold recovered, about 24 lbs. of charcoal must be 
handled. Or for a clean-up of, say, 1120 ozs., twelve tons must be burnt, 
leaving, say, one ton of ash to be smelted. 

An interesting fact is mentioned by John I. Lowles,* namely, that ‘the 
gold caught by the top filter of a set is considerably purer than that caught 
in the lower ones. Frequent tests show this to be quite characteristic, steady 
diminution in the value of the gold taking place downwards through a set,” 
and in the bottom tub the bullion consists almost entirely of silver. 

The same writer gives the following flux for smelting alkaline ash from the 


burnt charcoal. 


10 parts ash 
15  porax. 
6°67 ,, tailings, 


In the colony of Victoria, where this method has been most frequently 
used, the practical procedure is generally as follows: The charcoal is crushed 
through a small pair of toothed rolls; the fine stuff is separated by sieving 
and thrown away, the harder portions are eliminated by washing, and the 
remainder is put into small tubs about 2 ft. in diameter inside and slightly 
deeper. These are placed on the floor of the precipitation house in from three 
to six parallel rows, each row being a few inches lower than the preceding one. 
Each tub has an earthenware pipe about 5 in. in diam. placed vertically in the 
centre of it, also filled with charcoal. The solution to be precipitated is 
divided equally between the tubs in the top row, and from each of these it 


* “On Charcoal Precipitation from Auro-Cyanide Solutions,” Z'’rans, Inst. Min. and Met., 
vol. vii. p. 192. 
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flows successively through the tubs below, downwards through the central 
pipe of each, and upwards through the outer charcoal in the tub. A lid is 
provided over this, to prevent the pieces of charcoal from floating on the liquor 
and passing away. 

At suitable intervals the top tubs are removed for cleaning-up, and each 
row of tubs is then transferred to the next higher position, while a set 
containing fresh charcoal is placed in the lowest row. Hence the custom of 
using such small tubs. It is evident that a considerable amount of labour 
is required for this purpose, for in a plant treating eighty-four tons of 
solution daily, there are, according to John JI. Lowles, in the paper above 
quoted, 198 tubs, of which at least forty-eight are moved every day, this 
requiring two men. 

The charcoal is preferably burnt in a Turnbull furnace. This has a 
conical combustion chamber, having a cover at the top provided with a feed 
door and a small grate near the bottom, while below the fire bars is an ash- 
pit which can be locked up. The outlet of the flue from the combustion 
chamber is placed under water in a separate compartment which has an 
outlet above the water level, provided with a steam ejector or other apparatus 
to maintain a draught. Thus all the products of combustion are caused to 
pass into and through the water, with a view to preventing any loss of gold by 
volatilisation or dusting. A small fire is lighted in the grate at the beginning 
of the operation, but afterwards the charcoal continues to burn without 
assistance, fresh supplies being fed in by the door in the cover as required. 

In order to facilitate comparisons of this method of precipitation with others, 
we have calculated the following figures from published data of various plants : 
—Cubic feet of charcoal required in tubs per ton of solution treated daily, 
7 to 14. Specific rate of flow, from 0:016 to 0024 cubic foot per minute for 
each square foot of sectional area. 

Conversely, each ton of solution per day requires from 0°9 to 1:4 square 
feet of section in the column of charcoal. 

Length of column, 6 to 12 feet, z.e. from three to six tubs in series. 

Precipitation without separating the Solution from the Ore.—The first 
cyanide process patented in 1867 by J. H. Rae belongs to this class, and is 
described on page 1. In 1887 Wanliss and Julian devised a process by which 
the gold was dissolved out of the ore and precipitated without separating 
the solution, as described on page 3. In 1889 we worked on a commercial 
scale at the Wemmer Gold Mining Company, Witwatersrand, Julian’s electro- 
chemical process, which belongs to this class, and is described on pages 3 
and 4. 

The Pelatan-Clerici process, as described by Louis Pelatan,* is practically 
identical with the second stage of Julian’s electro-chemical process, in that 
the ore and solution are agitated together by means of rotating iron anodes 
over mercury-covered copper-plate cathodes. Pelatan, however, uses from 


* Rev. Un. des Mines, Tome xi., 1897. 
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two to ten kilos of common salt per ton of ore, in order to increase the 
electrical conductivity of the pulp. 

Several Pelatan-Clerici plants were put into operation in America, and 
the following particulars of practical work are taken from a description of a 
fifty-ton plant at the De Lamar mill, Idaho, by D. B. Huntly.* 

The plant consisted of five agitating vats 8 feet 6 inches diameter 
and 8 feet deep, and ten tanks to collect the ore as crushed, measuring 
8 feet 8 inches diameter and 4 feet deep, with dynamos and a few other 
appliances. The stirrer in each agitating tank consisted of a _ vertical 
hanging shaft carrying four arms, provided with a number of vertical pegs 
similar to those often used in amalgamating settlers. To each arm is attached 
a sheet iron anode 4 feet long by 14 inches wide and 3} inch thick. The 
amalgamated copper cathode covered the whole of the bottom. The ratio of 
the area of the anode to cathode was therefore about 19 sq. feet to 57 sq. feet. 

The ore was crushed through a 30-mesh screen, with 120 tons of water to 
100 of ore, and the strength of the cyanide solution used was 0:125 to 0°15 
per cent. The time of treatment was 114 hours. 

The theoretical extraction on 871 tons was given as follows :— 


Average original value, ; : : 12 dwts. 4 grs. gold, 
29 residue, . ° . . . 2 29 8 ” 29 
” extraction, . ° ° ° 9 »? 20 re) os) 


equal to 80°8 per cent., and the silver was 79°5 per cent., but the actual 
recovery of the bullion was 70:1 per cent. After the process ceased working 
the copper plates yielded $9000 bullion, which nearly accounted for the 
difference between the theoretical extraction and actual recovery. The loss 
in mercury was 0°32 lb. per ton ore. 

Gilmour and Young worked a process at the Santa Francisca Gold 
Mining Company in Nicaragua, which was described in a paper read by A. 
James before the Institute of Mining and Metallurgy. The following extract t 
describes the process. 

“The slime is then charged into a 5 ft. Boss pan in 2-ton lots, with 100 
gallons of water, so as to form a very thick pulp. Mercury is then added 
until the globules can be seen circulating in the pulp, and then the required 
amount of KCy. After two hours’ running, about 10 Ibs. of mixed zinc and 
copper amalgam are added, and the pan run four hours longer. This precipi- 
tates the gold very completely, only 10 grains ordinarily remaining in solution, 
and this has been reduced to | grain per ton of ore. The contents of the pan 
are then discharged into a 7 ft. settler and the mercury recovered in the 
usual manner. About one hour is sufficient for the solution of the gold in 
the slimes. Slimes assaying 14 ozs. gold and 44 ozs. silver show an extraction 
of over 90 per cent. The works have four pans and two settlers.” It is 
stated that for a capacity of 50 tons a day 24 h.p. are required. 


* Eng. and Min. Jour,, p. 155, 1897. 
+ Extract taken from Min. Jnd., vii. p. 334. 
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The time allowed to precipitate the bullion from so thick a pulp appears 
to us exceedingly short, as also does the time allowed for the dissolution of the 
gold and silver. 

Molloy’s Process.—This process was patented in the Transvaal in 1892 by 
B. C. Molloy, where it was employed for some months. It consists in passing 
the gold-bearing solution over a surface of mercury in which sodium was 
continuously deposited. An ingeniously devised apparatus was employed, 
which consisted of a large shallow tray covered with mercury, down the centre 
of which was a narrow compartment, with sides that dipped slightly into the 
mercury. In this compartment was placed a strong solution of sodium 
carbonate which was electrolysed, the mercury at the bottom being the 
cathode, and the anode was of peroxidised lead. As the sodium deposited and 
accumulated in the mercury within the compartment it diffused to the 
mercury on the outside, over which a constant stream of gold-bearing solution 
was kept flowing. The gold-bearing molecules dissolved as they came in 
contact with the sodium amalgam surface were decomposed and gold amalgam 
formed. 

The process was ably developed by Dr A. Simon, who employed it on a 
working scale in the treatment of tailings on Witwatersrand in 1892-3. 

The weak point in the process lies in the difficulty of getting a sufficiently 
large electrode surface, for the solution to come in contact with, without 
unduly increasing the amount of mercury handled. Thus, if the area of a 
surface required to reduce a 5 dwts. solution down to 1 dwt. was 1, that to 
reduce a | dwt. solution down to 5 grs. would have to be somewhere about 25 
with the same rate of flow, showing how enormously the area has to be 
increased as the solution becomes impoverished. This difficulty may, however, 
be got over, to some extent, by agitating the solution rapidly over the sodium 
amalgam surface as it flows, by mechanical means. The efficiency of sodium 
amalgam as a precipitant is small, but when employed in a dilute state, as in 


the Molloy process, it compares favourably with the electrical precipitation _ 


processes of to-day. Sodium amalgam is said to act on KCy in solution 
forming complexes, but in dilute working solution this action is inappreciable. 

Moldenhauer’s Process.—A process for the precipitation of gold and silver 
from cyanide solutions was patented in 1893 by Carl Moldenhauer. In the 
same year Julian conducted some experiments on a large scale at the Rand 
Central Ore Reduction Company on behalf of the Deutsche Gold und Silber 
Schiede Anstalt, using this process for precipitating instead of zine. 

The aluminium was first used in the form of plates, placed vertically at a 
distance of # inch apart, in a precipitating box divided into compartments, 
similar to that used in electrical precipitation. The result was, however, 
unsatisfactory, as a 6 dwts. solution at the head of the box gave a 2 dwts. 
sump solution. Aluminium shavings were next tried, when the resulting sump 
solution was lowered to about 10 or 12 grains. | 

It is necesary for efficient precipitation that either free alkali or free acid 
should be present in the solution. For obvious reasons the latter is difficult to 
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apply, if not impracticable, in the cyanide process. It was found after the process 
had been at work some weeks that alumina began to deposit on the shaving, which 
retarded precipitation of the gold. This was easily rectified by the addition 
of a little alkali at the head of the box, but as time went on the ever increasing 
quantity of alumina in the working solutions became more and more trouble- 
some. Attempts were made to remove the alumina by precipitating it in the 
solution tanks, and then leave it behind in the ore, but it was found that 
whenever alumina was precipitated in a cyanide solution it also carried down a 
large proportion of the free cyanide. Methods have been suggested for over- 
coming the difficulty, but at a prohibitive cost. 

Pfieger’s Process.—This process was patented by Johannes Pfleger in 1895, 
and was for a short time in use on a working scale in the Transvaal, but we 
have no particulars of the results. It consists in employing a short-circuited 
simple cell, having zinc anodes in alkali or cyanide and iron cathodes in the 
gold-bearing cyanide solution, the two solutions being separated by means of 
a porous membrane. 

The apparatus consists of a long narrow trough-shaped box, divided into 
compartments like an electrical precipitation box, but also having longitudinal 
divisions made of a special cloth forming the porous membranes. The divisions 
through which the gold solution flows is only 1 inch wide, and contain the 
cathodes. On either side of each narrow division are wider ones about 3 inches, 
and contain rods or bars of zinc in a 1 to 5 per cent. caustic alkali or 
cyanide, or a mixture of these. Each cathode is built up of five sheets of iron 
wire gauze, of about 12-mesh, placed parallel to each other at a distance of 4 
inch apart, so that it practically filled its compartment, forming an interstitial 
cathode of extensive surface. The zinc anode is simply short-circuited with 
the iron gauze cathode, and the gold solution is allowed to flow through its 
compartments at a fairly high velocity. 

This process was developed by Julian and worked on a full size experi- 
mental scale for three months on behalf of the Deutsche Gold und Silber 
Schiede Anstalt and he obtained remarkably good and uniform results. The 
original solutions entering the box varied from 3 dwts. to 1 oz. per ton, and 
the residuary solution consistently assayed only a trace to a few grains. 
One noteworthy advantage of this process over others, is that by intercalating 
electrical measuring instruments in the circuits the operator can estimate fairly 
well what the results will be. 

The porous membranes consist of a cloth made from hard spun ramie fibre, 
woven fairly closely. This material answers perfectly, and improves with age. 

The electro-motive force of the cell is between 0°6 and 1 volt. Being small, 
it is necessary that as little resistance as possible should be introduced into 
the circuit. For this reason, when precipitating from strong salt solutions, the 
extractions are generally rather better than when only traces of salts are 
present, and it is desirable that the solution should be kept flowing at a 
constant rate. If the flow stops altogether, some gold is apt to re-dissolve. 
The strong cyanide or alkali in the anode divisions is caused to circulate slowly, 
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and the residuary solution may be added to the solution tanks to bring up the 
requisite strength as required. 

A precipitating box 35 ft. long, 3 ft. 3 in. wide, and 3 ft. 3 im. deep, con- 
taining eight rows of cathode divisions, is capable of dealing with 8 tons of 
solution per hour. At this speed the percentage precipitation was found to 
be a maximum. 

The gold is removed from the iron cathodes by dissolving it off in a small 
quantity of a strong cyanide. This is conveniently done by placing the 
electrodes in a small square iron tank, capable of holding about a dozen 
electrodes at a time, and the dissolution may be assisted by blowing air 
through the solution, or by heating it from outside with steam to near boiling. 
The resulting rich solution of KAuCy, is evaporated to dryness in an iron 
vacuum pan, and the residue is simply heated in plumbago crucibles to the 
temperature of molten gold. The product formed, cyanide and cyanate, is 
dissolved in water, and the particles of bullion are collected together and 
barred. In most cases the bullion is about equal in fineness to the amalgam 
gold from the mill. 


OHA PIER: xXx DV. 
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BrrorE beginning to clean-up, the zinc box is sometimes charged for an 
hour or two with strong cyanide solution, the object being to loosen the 
adhering gold on the shavings as much as possible. The next procedure is to 
displace the cyanide solution with clean water. Sometimes a little acid and 
alum is added to the water to facilitate settlement of the gold slimes. The 
zinc shavings are then carefully lifted and shaken in the water in the com- 
partment, and are next placed over the adjoining compartment, where they 
are sprayed with a jet of clean water. After draining, the washed shavings are 
removed to a special water-tight tray, while the next compartment is being 
proceeded with. All the fairly long pieces of zinc are taken out and placed 
together for re-use, but the short stuff is allowed to fall to the bottom of the 
compartment. 

In small works, the water in each compartment is allowed to settle, and 
when fairly clear is drawn off by means of a syphon or hand pump to a 
settling tank. 

The turbid water and slimes left in each compartment is then removed to 
a clean-up vat by lifting it out in pails or by washing it out through a plug- 
hole, when provided, in the bottom of each compartment, and carried away by 
a launder to the clean-up vat. A few pounds of alum are often added to the 
slime, which is then given twenty-four to forty-eight hours to settle, when the 
clear supernatant liquid is drawn off. 

In large works it is now usual to pass all the water decanted or pumped 
at the different stages through a small filter press, thereby obviating the loss 
of time necessary for settlement. Also, when the coarse zinc is separated, the 
slimes are sometimes filter pressed. The separation of the coarse zinc is in 
some works effected by rubbing the slimes through sieves, 20- to 50-mesh, 
but in others the whole of the zinc is dissolved out with sulphuric acid before 
filter pressing. 

The clean-up occurs at intervals of a week to a month, but usually once a 
fortnight is preferred. 

Treatment of the Zinc-box Slimes.—We have now arrived at the end 
of the first stage of the clean-up, whereby the slimes carrying the bullion 


have been collected as a wet mass. From this point, the methods of 
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treatment diverge considerably, which are divided into the following four 
groups— 

(a) Drying and smelting direct. 

(b) Drying, roasting, and smelting. 

(c) Acid treatment, drying and smelting. 

(d@) Smelting direct with litharge and cupelling. 


(a) This is a simple method, and consists in drying the slimes in shallow 
iron pans placed over or into any suitable furnace. The dried material is 
then broken to powder, mixed with flux, and smelted in plumbago crucibles. 
The bullion obtained is about 600 to 750 fine. The following proportions of 
flux have been largely used— 


Dry slimes, : ° 100 parts 
Bi-carbonate of soda, : : 2 SOO 
Borax, . ‘ ; , : 7 Olen 
Sand, . : : ; - okies Bik yr 
Nitre, 2 : . . 24 4, 


(}) In the second method the wet slimes are mixed with a little nitre 
placed on trays in a muffle furnace, and when dry the heat is increased 
sufficiently to oxidise a large portion of the zinc. The zinc oxide fumes 
given off are drawn away to a chimney by a carefully regulated draught. 
There are several types of furnace in use for this purpose, the most popular 
being the reverberatory introduced by Chas. Butters in the early days of the 
process, and the circular or rectangular coke type introduced more recently. 

The oxidised charge may be smelted with the following flux— 


Dry slimes, . 4 : 8 . 100 parts 
Bi-carbonate of soda, - ; ~. A 
Borax, . : < . A ,° 40 Ge 
Silica, . ; : : : . Ao 


The bullion by this method may be 800 fine. 

A modification of the above was recommended by W A. Caldercott * in 
1897. The slimes are dried nearly to dusting, then well mixed with silica and 
nitre in the following proportions— 


Slimes, . ; ° ; : . 100 parts 
Sand, . ‘ : : ; Mae eh 
Powdered nitre, : : ; sais 


The mixture is spread on iron trays to a depth of about # inch thick and 
heated to a little over the boiling point of water. Then a live coal and a 
pinch of nitre is applied to the mixture, when combustion spreads throughout 
the whole layer and proceeds quietly, but intensely, giving off dense fumes of 
zinc oxide, and leaving behind a coherent non-dusting product. 

The action is said to consist in the oxidation of a portion of the car- 
bonaceous matter and base metals, and a partial combination with the sand to 


* Jour. Soc. Chem. Ind., xvii. p. 3, 1897. 
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form a soluble silicate. The following is the flux used in smelting the 
product— 


Oxidised slime, . : . 100 parts 
Anhydrous borax . : Sf ae 
Dry sodic carbonate, . - ee OL. 


This is said to give a good slag, very free from gold, and bullion about 800 
fine. 

In either of the above methods of eliminating zinc, there is a considerable 
risk of losing gold carried away with the zinc fumes and other causes. It is 
practically impossible to determine this loss with any accuracy, chiefly owing 
to the extreme difficulty of getting average samples of the material before and 
after treatment. Also, either method involves at least an extra handling of 
the material, which requires to be conducted with the utmost skill and care. 

(c) The third method was mentioned by Butters and Clennell* in 1892, 
and consists in adding sulphuric acid direct to the wet slimes in the clean-up 
tank, which dissolves out the zinc and other matter. The method is largely 
used in America, South Africa, and Australia. 

T. H. Leggett ¢ described the acid treatment as conducted at the Treasury 
mine, Witwatersrand. The clean-up vat is provided with a hood and flue, 
which can be readily raised and lowered. Concentrated sulphuric acid is 
added at intervals, about a bucketful at a time, until the whole of the zinc is 
dissolved. Next, the vat is filled with boiling water and the contents are 
agitated, when the hot liquor is drawn off and forced through a filter press. 
More hot water is added, and agitated until the whole of the slime has been 
drawn from the vat into the press. By forcing air through the press, the 
slime cakes are dried and are then ready for the smelter. 

The following flux is reeommended— 

Slimes, : . . 100 parts 


Borax, : - A ee 
Bi-carbonate of soda, . 30 ,, 


The fineness of the bullion is stated as being 843. For each 100 lbs. of 
dried refined precipitate, 217 lbs. of sulphuric acid and 5800 lbs. of hot water 
were used. 

The treatment at the Princes mine, Witwatersrand, as described by E. H. 
Johnson,{ is briefly summarised as follows: The slimes are separated from 
the solution and washed with the use of a vacuum filter. They are then 
roughly weighed to determine the quantity of acid required. For each 100 
Ibs. of moist slimes, 100 lbs. of acid are used, and this is diluted to about a 
10 per cent. acid. The slime is gradually fed by a hopper into the acid, which 
is continuously agitated by a stirring apparatus. When the action ceases the 
vat is filled with water and allowed to settle. The clear liquor is then 
syphoned off, water wash added, stirred, settled and decanted in succession, 


* Eng. and Min. Jour., p. 365, 1892. 
t+ Trans, Inst. Min. and Met., vol. v. p. 147. 
t Lng. and Min. Jour., p. 220,1899,—Paper read before Chem. and Met. Soc, 8S, Africa, 
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about four or five washings being sufficient. The slimes are finally dried on 
iron trays, mixed with the following flux, and smelted— 


Dried slime, ; ; . 100 parts 
Borax, ; lepenhp 
Carbonate of soda, . ; oa 
Fluor spar, ‘ ; : O37. 


The average fineness of the bullion during one year was 820. For 100 
Ibs. of dried original slimes, 133 Ibs. of acid were used, and for 100 Ibs. of 
dried refined slimes, 672 lbs. of acid were used. 

An almost identical method was in use at the Kleinfontein mine, 
Witwatersrand, by F. C. Pengilly,* the chief difference being that the slimes 
were roasted after the acid treatment,—the fineness of the bullion being 907. 

Treatment of Zinc-box Slimes containing Lead.—The treatment of 
slimes so far described refer to those obtained by zinc shavings in their natural 
state, but since the introduction of the zinc-lead couple, special methods had 
to be devised for dealing with the precipitate. 

The chief practical trouble arising from the use of lead acetate, was the 
difficulty experienced in the elimination of the lead from the gold bullion pro- 
duced. According to T. L. Carter,t who first described the zinc-lead process 
as applied in slime treatment by W. K. Betty, several wet methods were first 
tried, such as the use of nitric acid on the precipitated sludge after the zinc 
had been dissolved by sulphuric acid. The nitric acid dissolved part of the 
lead, but not all of it. Hydrochloric and acetic acid have also been tried, with 
more or less success; the latter dissolved the lead almost completely, but 
proved expensive. The above authority recommends smelting with the 
following flux, to be used in crucibles with clay liners, presumably after 
sulphuric acid treatment— 


Borax, a. . 60 per cent, 
Nitre, : oe eS 
Sand, : ga BE pias 
Soda, : ry | 


29 


It is stated that with this flux, bullion 876 fine can be obtained. 

More recently, however, manganese dioxide has been used in the flux to 
oxidise the lead, clay liners being of course necessary in this case also. 

After the slimes have been treated with acid to remove the zinc and 
calcined, E. H. Johnston and W. A. Caldercottt describe a method of em- 
ploying manganese dioxide, as an oxidising agent when smelting, to oxidise 
lead and other base metals. They show that when nitre is employed for the 
same purpose it has a low efficiency, and give, as a probable reason, that the 
evolution of oxygen occurs at a temperature below that of combustion of the 
reducers. 

* Eng. and Min. Jour., p. 340, 1898,—Paper read before Institute of Mining and 
Metallurgy, London. 


+ Jour. Chem. and Met. Soc. of S. Africa, vol. ii, p. 142, 1898, 
% Ibid., vol. iii, pp, 21-24, 1902. 
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The following approximate proportions to flux slimes after acid treatment 
are recommended :— 


Slimes, ; . : ; 100 parts 
Fused borax, ; : 7) 201035)" ,, 
Manganese dioxide, . . 20to 40 ,, 
Sand, . . , : eet GOr40 4, 


Data given of an actual smelting by F. Maxwell are as follows—' 


limes,  — « : : : . 100 parts 
Manganese dioxide, . : : PN 
Fused borax, . : ‘ : DO ee 
Sand, ; ‘ : : : D0 eg, 
Fluor spar, . Oey: 


The bullion obtained was 970 fine. Silica was present in the slimes to the 
extent of 7 per cent. 

The total weight of calcined slimes dealt with was 202°8 lbs., producing 
286 lbs. of slag and 1016:1 ozs. bullion. 

It is pointed out that the use of manganese dioxide tends to enrich the 
slag in silver. The method is therefore not to be recommended for highly 
argentiferous slimes. 

(d) However, all these methods of dealing with the precipitates from the 
zinc-lead couple, are at the present time being superseded, to some extent, by a 
very simple method, which consists essentially in smelting the sludge with 
litharge in a pan furnace, thus producing lead bullion which is afterwards 
cupelled. This extremely neat adaptation of the scorification assay method to 
work on a large scale, and to overcome a very real and serious difficulty, has been 
introduced and developed by P. 8S. Tavener, who has kindly placed at our 
_ disposal full particulars of his process, from which we have prepared the 
following condensed description. 

The gold sludge is pumped from the clean-up vat to the filter press, and 
there made into cakes as usual. The fine zinc remaining in the vat is drained 
and collected, but is kept apart from the filter press cakes, both parts of the 
clean-up being separately dried in trays in an oven for not more than fifteen 
minutes, care being taken in each case that the mass is still coherent when re- 
moved from the oven. The slime cakes are immediately rubbed through a 
4-mesh sieve, roughly weighed, and mixed with the flux. The mixture is then 
passed through a sieve and shovelled into the smelting furnace. Then the 
fine zinc is treated in the same manner and charged into the furnace above the 
slime, with the intention of preventing the latter from dusting. 

It will be readily understood that the exact fluxing mixture to be used 
must vary with the composition of the sludge dealt with. This may be ascer- 
tained fairly well by small trials in the assay office, but generally speaking 
less slag is needed in the large furnace than in crucible tests. The quantity 
of litharge depends chiefly upon the amount of gold present, as it is said to be 
desirable to limit the value of the lead bullion produced to 8 or 10 per cent. 
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of fine gold. The following figures will give an approximate idea of the pro- 
portions hitherto found useful. 


(1) Slime, after partial ae : ‘ 100 parts by weight 
PbO, ° . e ~ * 40 to 60 99 99 29 
ay slag, . : -- 10/0052 eee 
Slag De aes ae : : » LO (tothe anes 
Sawdust, : : : : ; $to 1g, » » 

(2) Fine zine partially dried, . ; 5 100 parts by weight 
PbO, : 2 : ‘ ; 100 to 150 5 y= eee 
Mixed slag as Tar, : : . 25 to “809e,.- ee 


No reducing agent except the zinc itself. 


When the furnace charge is complete it is banked up towards the centre 
and lightly covered, first with litharge, secondly with readily fusible slag, and 
the fire may then be lighted. Two hours later, or thereabouts, the heat may 
be considerably increased, and a high temperature maintained. When the 
charge is molten, any by-products, such as sweepings, old slag, or anything 
that contains gold, is added to the bath and absorbed therein. Then the 
charge is well stirred, and sawdust is added to reduce any remaining litharge 
until the slag gives a clean sample on a rabble. The slag is next run off into 
pots in the usual manner as far as possible, and most of the remainder is waved 
off with the rabble. Then the fire door is opened and lime is thrown in to 
thicken the last of the slag, which is afterwards removed and kept for re- 
smelting next time. After a sample has been taken with a ladle, the clean 
lead is tapped and run into ingot moulds in the ordinary way. 

The next step in the treatment is to cupel the lead bullion on a bone ash 
test, in which the usual cupellation practice is followed. When this operation 
is complete the gold is allowed to partially cool in the furnace until it is solid 
enough to be lifted up with a bar of iron. It is then broken in half and drawn 
out of the furnace. The cake is next broken up into smaller pieces of suitable 
size for re-melting in crucibles, so that it may be cast into bars. 

This method has been developed into a practical success by P. S. Tavener 
at the Bonanza mine, Johannesburg, under the enlightened management of 
Francis Spencer, and the following figures show the actual amount of pre- 
cipitate handled and quantity of gold obtained from July to October 1902. 


Troy. |; Avoir Per 
OZS. lbs. cent. 
Moist weight of filter press slime smelted, . ; : . | 181,842 |. 9,058 54 
Moist weight of fine zinc smelted, ; , , ; . | LLL 10a ee 6e2 46 
Total weight of material treated, . . | 242,446 | 16,720 
Lead bullion obtained and cupelled, . | 221,407 | 15,269 
Total amount of fine gold recovered, .| 12,810 Sas 


Hence we see that the average grade of the dead bullion during this 
period was nearly 5:8 per cent. fine gold. 


lord 
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One great advantage of this method is that it enables all sorts of sundry 
gold-bearing materials to be treated and realised, which otherwise gradually 
accumulate on a mine, and have finally to be sold to customs works for con- 
siderably less than the actual value of their gold contents. Some of these by- 
products have already been mentioned, and to these we may add old crucibles 
and liners left over from previous methods of refining. 

Then, as we shall see in the chapter on working costs, this method is much 
cheaper than acid treatment followed by calcining and pot smelting. 

In every comparative test that has been made so far, the new method has 
given a larger return of fine gold per pound of precipitate treated, the excess 
in some carefully conducted trials being over 10 per cent., thus confirming the 
suspicions long entertained that the losses incurred in calcining on a large 
scale were much greater than those shown by carefully condueted calcination 
tests in the laboratory. 

The new method also prevents the loss of silver which occurs when 
manganese dioxide is used ; and lastly, the danger of poisoning, which results 
from acid treatment of gold sludge obtained from arsenical ores, is avoided. 
For these last two reasons, it seems likely that the lead smelting method will 
be even more welcome and useful in other mining centres, than it is on the 
Rand goldfields. 

Smelting Operations.—The object aimed at in fluxing gold slimes is to 
obtain a neutral slag, sufficiently fluid at a moderate temperature to allow the 
gold and silver particles to agglomerate and descend by gravity. To attain 
this end a rough analysis of the slime would be a great help to the smelter, as 
the actual proportions of fluxing materials are largely dependent on the com- 
position of the slime. Much has to be found in an empirical way, and the 
smelter is often called on to use his judgment as to the fluidity, neutrality, 
and other factors. In this way two smelters may obtain equally good results, 
although the fluxes and their proportions may vary somewhat widely. 

The proportions we have given in the preceding pages, are those which 
were in use at different stages of development of the cyanide process, and are 
merely to illustrate methods of procedure for special cases, rather than to be 
followed in a general way. The proportions of basic and acid oxides present 
in each case have to be taken into account, so as to select and adjust a flux 
that will produce a non-corrosive slag, as free as possible from shot metal, and 
at a reasonable cost. 

The chief precautions to be taken in smelting are— 

1. To dry the slimes and fluxes thoroughly before putting them into the 
melting pot. 

2. To dry and anneal the crucible before use. 

3. When charging the crucible while in the furnace, to stop the draught 
and use a funnel or hopper. 

4, When firing, keep the crucible covered. 

5. Heat and grease the ingot moulds before pouring the metal. 

The furnaces usually consist of the ordinary square type used by assayers 
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but large enough to take a No. 60 or 70 pot and with a stack of 30 feet or 
more. ‘The top of the furnace is generally about on the same level as the floor, 
for convenience in lifting out the pots. Good oven coke gives perhaps the best 
results and is easy to manage, but lump coal has often to be used. In some 
districts charcoal is the only suitable fuel obtainable, and where this is the case 
a somewhat larger furnace than is used for coke becomes necessary. Producer 
gas has been successfully employed in the United States and elsewhere, but it 
requires more skill to deal with than coal or coke. 

Nos. 50, 60, or 70 plumbago crucibles, with clay liners, are preferred in 
most cases. Their life may be taken at about 7 to 10 meltings. 

An ordinary method of procedure in smelting is to first heat an annealed 
crucible slowly to redness, and then allow it to cool slowly. When cool enough 
to handle, fill with the mixture of slime and flux to within about an inch of 
the top. When the crucible is placed into the furnace it is gently worked 
down through the glowing coke until it rests on a firebrick, provided as a 
support. Fuel is then packed in all round the pot, and as the pot heats the 
mixture shrinks, when more is added. ‘This is done preferably by use of a 
long wide necked funnel or hopper, and only a little at a time is dropped into 
the melting mass, until within about 14 to 2 ins. of the top. Every pre- 
caution is taken to avoid dusting during the operations. When completely 
molten and all action ceases, the pot is withdrawn and the contents are poured 
into heated moulds. Some prefer to stir the charge vigorously before or after 
lifting it to pour, with the object of assisting fine shot metal to agglomerate 
and settle. 

A certain amount of shot metal, however, remains disseminated through- 
out the slag, but for good work this ought not to exceed 0°5 per cent. of the 
total bullion. It is recovered by grinding the slag in a ball mill and treating 
the mass in an amalgamating barrel, or by treating with litharge and 
cupelling, as described under Tavener’s method of treating slimes. 

The floor of the smelting room is preferably covered with corrugated or 
‘fluted sheets of iron, No. 16 S.W.G. with corrugations of about 14 in. pitch 
being suitable. The object of the corrugations is to enable dust and particles 
to fall into the valleys, and thus lessen the danger of bullion particles being 
carried away by the operators on their shoes. 

There is always a certain amount of unavoidable loss in cleaning-up and 
smelting, and it is difficult, if not impracticable, to determine what this is. 
Some authorities put the minimum loss as low as 0:1 per cent. of the bullion 
smelted, while others maintain that 1 per cent. is nearer the mark. Tavener’s 
method of dealing with gold slimes promises to bring the unavoidable loss 
to a minimum. ‘This, however, can only be attained, in whatever method is 
adopted, by the employment of the most careful and skilled hands. 


CHAPTER XXV. 
APPLICATIONS OF THE CYANIDE PROCESS. 


THE materials to which cyanide treatment is generally applied may be grouped 
into four classes, according to the means employed in its mechanical prepara- 
tion for leaching purposes. 

1. Accumulations of tailings from wet crushed ore. 

2. Current production from wet mills. 

3. Dry crushed ore. 

4. Concentrates from vanners or similar machines. 


Tailings Accumulations.—Formerly the most common method of collect- 
ing tailings was to allow the battery pulp, after amalgamation, to flow into 
comparatively shallow dams or reservoirs, formed by an excavation, or by 
building a dam wall across a natural hollow in the ground, and this system 
is still in operation in many mining districts. 

The result is that at the point of inflow the heavy sand settles first, then 
the lighter and smaller particles, and finally the slime. As the filling continues, 
however, the layer of coarse sand not only grows in depth, but it also extends 
horizontally over the finer stuff which was deposited earlier, and the later fine 
sand also overlaps the previously deposited slime. Moreover, in order to fill 
all parts of the dam, the position of the inflow is changed from time to time, 
and the general result is a stratified mass with layers of sand and slime alter- 
nating, and these layers thin out to nothing and make or come in again in a 
most irregular manner. Although generally the upper part of the contents of. 
the dam consists principally of sand, while the lowest parts are almost entirely 
slime, yet the greater portion of the dam is filled with layers of partially 
graded sand, interlaminated with well defined thin sheets of moist, coherent, 
plastic slime, but too thin and too numerous to be separated from the sand 
when the material is dug out for treatment. A partial separation can be 
effected by throwing the material against screens of about #-inch mesh, which 
allow the sand to pass through, but retain a large proportion of the slime 
lumps. This is, however, an expensive proceeding, and therefore unsuitable 
for low grade material, while for rich stuff it is not sufficiently effective. 

The presence of these slime lumps is a decided disadvantage. If the 
lumps when put into the leaching vat contain as much water as they can 
absorb they are not only useless, but occupy space that might be otherwise 
filled with treatable sand ; for, the saturated lumps cannot absorb solution 


and leach, and are therefore practically inert. Again, if the slime lumps are 
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partially or entirely dry when put into the vat, they are a cause of positive 
loss of gold, because the cyanide solution, as it passes on to the sand and 
dissolves gold, also soaks into the slime and carries dissolved gold with it. 
The solution thus absorbed cannot percolate out of the slime, and it is a well 
known fact that slime lumps which have gone into a vat in a plastic state, 
but nearly dry, have assayed sensibly higher after treatment than before. 
Therefore, either the slime lumps ought to be quite wet before cyanide 
solution is applied, which can be ensured by giving a preliminary water wash, 
or they must be dried, pulverised, and well mixed with a large proportion of 
sand before treatment. (For the effect of slime mixed with sand, see 
pages 50 and 54.) 

The following means for fulfilling the latter condition have been used with 
some success. By ploughing and harrowing, followed by exposure to wind 
and sun, and finally shovelling through screens or passing through a Krupp 
disintegrator, the material from tailing dams can be brought into an improved 
condition for treatment when the original amount of neat slime does not exceed 
about 7 per cent. of the whole, but the cost of such preparation is somewhat 
high. If, however, the slime is excessive, the mixed material in the vat sinks 
down as soon as the liquor is applied, and packs together into a practically 
impervious mass, rendering satisfactory leaching impossible. We therefore 
recommend the following course of operations when dealing with poor tailings 
lying in dams. 

Begin if possible with the clean sand at the top of the dam, and while the 
treatment of this is proceeding, the next portion, containing less than 7 per 
cent. of slime, can be ploughed and weathered as above described. The lower 
portion, containing still more slime, can then be put into the vats exactly as 
it is dug out of the dam, a first water wash being given to saturate the slime 
lumps. This method of treatment can then be continued as the excavation 
proceeds towards the most slimy part of the dam, so long as the operation 
continues to pay. The remainder must be treated, if at all, by close sizing 
and separating all the sand from the slime, or by treating the whole as slime, 
by the agitation methods described in Chapter XXXII. 

In some instances the slime dams have been periodically emptied and their 
contents piled up into heaps. During this operation and while lying exposed, 
the slimes are to a large extent dried and pulverised, and carried away by the 
wind together with some of the finer sand, consequently such heaps are far 
more easily and successfully treated than stuff which has remained in the 
dams, although of course the quantity saved is considerably less. 

In some parts of Australia and in Siberia it is customary to catch the 
coarser sands in small excavated pits, while the remainder of the pulp runs to 
waste or settles in a larger reservoir. The pits are cleaned out alternately as 
soon as each is filled, and the contents stacked in heaps. By this method a 
small portion of the total tailings is saved in an excellent condition for cyanide 
treatment, but the larger part, if saved at all, is deposited as a mixture of 
sand and slime, of such a nature that it is scarcely possible to treat it by any 
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means unless rich enough to pay for complete separation. This, therefore, is 
probably the worst of all methods of dealing with a battery product. 

In addition to the losses indicated above and the mechanical difficulties 
described, there is a serious chemical disadvantage arising from the storage 
of tailings when pyritic ore is being crushed, namely, the partial oxidation of 
the pyrites, but this has been dealt with elsewhere. It is mentioned here as 
an additional objection to the above methods, and as one of the causes which 
led to improved systems of dealing with battery pulp for cyaniding purposes. 

The plant used for treating such accumulations of sand is usually of the 
simplest description, and consists essentially of leaching vats, with a staging 
above for filling them, and, in large plants, a tunnel below for emptying, to- 
gether with storage vats for solutions, and a shed containing precipitation 
apparatus and pumps. As an example of extreme simplicity, we may mention 
that in Queensland small plants have been erected (and worked profitably on 
5 to 6 dwt. material) which consisted merely of two 10-ton shallow vats built 
on the ground-level, two solution vats, a hand pump, and a precipitation box. 
One man runs the material in a wheelbarrow up an inclined plank resting on 
the top edge of the vat staves and tips it into the vat, while a second man 
stands inside and spreads the material evenly. The vats are emptied by 
shovelling over the side and wheeling away in barrows. For large plants the 
types illustrated in figures 30 to 37 are suitable for treating accumulated 
sands. In figures 34 to 37 the sand heaps are indicated by dotted lines, and 
the collecting vats shown in these figures would in this case, of course, be 
omitted. 

Current production from mills crushing wet. Collecting Vats.—The 
first device used for collection of pulp as it flows from the battery, with a 
view to immediate cyanide treatment, was a pair of shallow pits, each 120 feet 
long by 20 feet wide by 3 ft. 6 ins. deep, with masonry sides, and at the 
lower end a timber frame, with grooves to receive a series of wooden slats, each 
about 3 inches deep. The intention was to catch the sand and to allow the 
water and slime to flow over the slats. As the filling of the pit proceeded, the 
level of the overflow was raised from time to time by the addition of another 
3-inch slat. A gentle downward slope of the bottom of the pit assisted the 
subsequent draining of the contents and their removal. When the pit was full, 
the flow of pulp was diverted to the other pit, and while this second one was 
filling, the first was drained and its contents were transferred in trucks to the 
leaching vats, and so the two receptacles were filled and emptied alternately. 
With pits of the length named all the slimes escaped, and unfortunately also 
much fine sand, while, if the length is much increased, layers of slime will occur 
as in tailings dams. But although this idea was abandoned in its first shape, 
it was developed in two most important directions. (a) The direct filling of 
treatment vats themselves, by providing them with overflow gates which could 
be raised as required, was introduced by Hennen Jennings. The pulp was de- 
livered by a flexible hose pipe, controlled by hand. (0) The use of specially 
constructed intermediate collecting vats, as designed by Chas. Butters and 
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Captain Mein. The latter arrangement will be first described, as this is the 
most convenient order, but it may be remarked here that both methods have 
been combined in some of the latest practice on the Witwatersrand. 

Butters and Mein Collecting Vat for intermediate filling.—This is of the 
usual construction of leaching vats, except that it has a circular launder 
surrounding its top. The vat is first filled with clean water, and the battery 
pulp is then delivered to it by means of a special distributor. The agitation 
caused at the surface of the water by the entrance of the streams of pulp is 
sufficient to prevent most of the fine slime from settling, and this consequently 
passes away with the water, which overflows around the whole periphery of 
the vat into the circular launder, and thence passes by suitable piping or 
fluming to a slime dam or the like. Meanwhile the grains of sand fall through 
the water in the vat in a continuous shower, and collecting at the bottom, 
eradually fill the whole vat with a mixture of fine and coarse sand. Some 
slime, however, remains in this collected material, and some fine sand escapes 
with the water. A filter cloth on a false bottom is provided for draining the 
collected material, and discharge doors for its removal. 

A collecting vat is described in Chapters XXXIV. and XXXY. A dis- 
tributor (see Chapter XXXV. and figs. 101 to 103), briefly described, consists 
of a conical receiving hopper, with several radial discharge pipes of various 
lengths and diameters, each pipe being bent horizontally at its outer end. 
This hopper is mounted over the centre of the tank and is free to revolve, the 
small power necessary being provided by the reaction of the water as it leaves 
the bends, the action being therefore entirely automatic. By this means the 
pulp is delivered in a number of concentric circles, with the object of attain- 


TABLE -AXALV; 


Number of Clear depth 
Stamps, at | Diameter of |Tons crushed [inside to hold) 
4 tons per | Vat in feet. per 24 hours, |75 per cent, of 
stamp. tons crushed. 
25 20 100 yo" 
50 24 200 6°67 
100 32 400 ete 


ing, as nearly as possible, an equal delivery over the whole area of settlement, 
because when the mass of collected material is of uniform texture throughout, 
the maximum amount of slime can be retained without rendering the product 
in parts unleachable. This in fact was the original purpose of the collecting 
vat, and is so still when used for intermediate filling, namely, to capture, for 
immediate transfer to the leaching vats, the greatest possible percentage of 
the solid material in the pulp that is consistent with efficient leaching. 
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To do this, it is necessary to have a proper proportion between the amount 
of pulp delivered and the diameter of the vat, for it is self-evident that a very 
small vat will chiefly retain the coarsest of the sand, while a very large one 
will catch too much of the slime. With suitable sizes it has been found that 
from 65 to 75 per cent. of the whole delivery can be collected as a leachable 
material, when crushing Rand banket ore through 900-mesh screens. Under 
these conditions the sizes given in Table XXXIV. have given good results. To 
the figures of Butters and Smart * we have added the third column, in order to 
make the table applicable to stamps of greater or less capacity. 

The above sizes are not of universal application ; for very slimy ore much 
smaller sizes are necessary, while, on the other hand, with tailings from quartz 
rock, we have used 18 ft. vats to collect from 75 tons per day with good 
results. 

As the separation of slime and sand takes place at or near the top of the 
water, it is clear that the depth of the vat can practically have no effect upon 
the nature of the material collected, so that this dimension is limited only by 
constructional reasons, or by the fall available on the proposed site of the 
plant. It is often convenient for systematic working that each vat should 
hold the material collected from one day’s crushing, and the depths given in 
column 4 of the above table are quite sufficient for that purpose, and may be 
adopted in the absence of any other determining factor. 

Allowing 24 hours for draining and 12 hours for discharging each vat, the 
minimum total capacity provided should be equal to three days’ collection. 
That is to say, three vats are required if each collects for 24 hours, or two vats 
when each collects for 36 hours. But unless extreme economy in construction is 
absolutely necessary, it is better to provide a total capacity equal to four days’ 
collection, so that any occasional delay in draining or discharging need not re- 
sult either in loss of material or reduction of tonnage crushed. 

When in any proposed plant there is a doubt as to the most suitable 
diameter for the intermediate collecting vats, it is better to have six of small 
diameter than three of a larger size, because if the vats are found to be too 
small for the whole of the battery pulp, this can be readily divided and 
delivered to two or more vats simultaneously ; whereas, on the other hand, 
if the vats should prove, when built, to be too large, there is no remedy except 
an increased delivery from the battery. 

As already mentioned, the collecting vat must be filled with clean water 
each time it is used before the pulp is turned into it, so that the overflow may 
commence immediately. If the pulp is delivered into an empty vat it will 
take several hours to reach the top of the tank, and during that period the 
slime is settling as well as the sand. The filter cloth becomes covered with a 
sludgy layer of material, which is not only unsuitable for treatment, but 
prevents, or very much retards, the draining of the good sand above it, thus 
interfering with the regular and systematic working of the plant, as well as 
reducing the percentage of extraction. 

* Proc, Inst. C.E., vol. cxx. part il., 1895. 
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Also, if the battery stops during the filling of a vat, a good stream of water 
should be delivered continuously, to maintain the normal overflow until the 
battery is at work again, otherwise a thin impermeable layer of slime settles 
over the surface of the collected sand. When a stoppage has taken place, at 
least a dozen holes should be bored down through the material from top to 
bottom as soon as the filling is completed, to assist the draining of the sand 
which lies above the slime layer. 

At the time when these collectors were introduced no practical means of 
working slimes had been perfected, and it was therefore desirable to allow no 
more slime to escape than was absolutely necessary for the proper treatment 
of the remaining material. And at the present time there are many mines in 
Australia and other countries where the conditions are not favourable to the 
use of a special slime plant, or a complete grading of the material. In such 
cases the need for treating as much slime as possible with the sand still exists, 
and under these conditions the use of collecting vats with immediate trans- 
ference to treatment vats is undoubtedly the simplest and most practical 
system to employ. 

Figures 30 and 31, where collecting vats are shown in dotted lines, and 
figures 34 to 37, illustrate the usual types of plant for this method of treatment. 

Collection and Treatment in one Vat.—The method of treatment by 
delivering battery pulp directly into leaching vats was, as already mentioned, 
introduced by Hennen Jennings. In the early plants designed for this pur- 
pose the tanks were built of brick and covered inside and outside with cement. 
The bottoms of the tanks were level with the ground outside, and each had 
three openings which extend from top to bottom of the tank. These are used 
as overflow passages, and have a vertically grooved frame on each side, in 
which narrow strips of wood can be placed across the opening, one above an- 
other, as required. This arrangement for periodically raising the overflow, 
which is identical with that already described in reference to collecting pits, 
is now very largely used, and is generally known as a slat gate. A cast iron 
door, ingeniously suspended from wheels which travel on bearers placed above 
the opening, serves to close the vat during leaching. These overflow passages 
are made sufficiently wide for a truck to pass through, as they are also used 
for discharging the residues after treatment. 

When a tank is to be filled, the door is left open and a few slats are placed 
in the bottom of the grooved frames. The pulp is then delivered into the tank 
through a flexible hose, by means of which a labourer distributes it evenly 
over the whole area. The overflow level is raised from time to time by the 
insertion of additional slats, and the distribution of pulp through the hose is 
continued until the tank is full of sand. The cast iron door is then shut and 
tightened up by bolts and nuts. The leaching is carried out in the usual way, 
and the tank is emptied by opening the doors and shovelling the residues into 
trucks. At the beginning of this operation the sand has to be thrown through 
the doorway, but when a cutting has been made a truck can enter the tank, 
and after a time several trucks can be filled at once. 
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The principal objection to this method of filling tanks is, that the 
uniformity of the collected material depends upon the intelligence and fidelity 
of the man in charge of the hose, who if lazy or stupid may easily make 
either of two blunders. Firstly, he may produce an unleachable tankful of 
material by the retention of too much slime, or, secondly, he may cause the 
waste of a large quantity of treatable sand. Further, if the delivery end of 
the hose is allowed to lie too long in one spot, the material will be stratified 
instead of being uniformly mixed, thus causing irregular leaching. 

One great advantage of the method is that the quality of the product is 
independent of the size of the tank, and that the grade of material collected 
can be regulated to some extent, if required, by varying the height of the 
overflow. In this method a preliminary filling of the tank with clean water is 
not necessary. 

A considerable amount of supervision is, however, required, and this is 
a drawback where labour is dear. It may be here pointed out that this 
particular method of filling is not essential to the direct treatment of battery 
pulp in one vat, but that the automatic collecting vat, previously described, 
when properly proportioned to its work, has the advantage of filling without 
supervision, and is therefore suitable for direct treatment with even very low 
grade material, which must be worked cheaply or not at all. 

At the South Star mine, Victoria, Australia, the tailings were collected in 
ordinary collecting vats with distributors and peripheral overflow, then leached 
in the same vats, and finally sluiced out by the stream of battery pulp passed 
through a hose and nozzle. By this means the treatment costs were reduced 
to a minimum ; but there are obvious objections to it, especially as regards loss 
of treatable material during the discharge by sluicing. It is in some cases 
justifiable, on the ground that it is better to treat 50 per cent. of the total 
crushing at a profit than 70 or 80 per cent. at a loss. In other cases, as for 
instance where a large part of the values is in the fine sands and slime, it 
cannot be recommended, because a larger proportion of fine material can 
certainly be treated when it is transferred from one vat to another, either 
before or during its treatment. This is on account of the better mixing 
obtained by the transfer. 

The Use of Hydraulic Classifiers.—The methods of treatment so far de- 
scribed in this section, have been successfully applied to pulp from ores which 
contain very little mineral, or in cases where the pyrites in the ore has been 
effectively removed by vanners or by any other method of close concentra- 
tion. On the Witwatersrand goldfields a few years ago the use of Frue 
vanners was almost universal ; but in the few cases where tailings were treated 
without proper concentration, it was found that the pyrites, if separated from 
the sand residues after treatment, was practically as rich as it was before 
treatment. Not, however, because the gold contents are unamenable to 
cyanide, but because a very much longer contact with the solution is required 
for pyrites than is necessary for the bulk of the tailings. To Henning 
Jennings and J. R. Williams belongs the credit of successfully applying 
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hydraulic classifiers for the purpose of separating the coarse pyrites together 
with a small quantity of coarse sand, so that a long treatment can be given to 
the portion thus separated, and the usual shorter treatment to the remainder. 

For this purpose the classifier or spitzlutte should be so designed that the 
coarse sand collected with the pyrites should only be sufficient to dilute the 
latter, so to speak, to such an extent as to enable the solution to surround 
each pyritic particle, as it has been found that neat pyrites alone packs 
with the faces together into a somewhat coherent mass, and prevents the 
proper flow of solution past the gold and pyritic surfaces. Any excess of 
sand above this necessary quantity merely increases the bulk of material 
which has to receive long treatment, without giving any compensating 
advantage. In practice it is found that a coarse product containing from 
30 to 35 per cent. of pyrites will give satisfactory results. 

The use of the spitzlutte for the above purpose led Williams to the 
appreciation of a most important principle, which, although it had been 
previously suggested, had not been hitherto practically applied. This principle 
is, that the leaching of equal sized grains can be carried on much more ex- 
peditiously and effectually than is possible with a mixed mass of grains of all 
sizes. This is due to the following causes: firstly, that with the sized grains 
the proportion of voids in the mass is greater than with unsized grains, and 
consequently there is more room for the passage of solution around the particles, 
and probably less capillary action to retard its draining ; secondly, the conditions 
being uniform throughout the mass of sized grains, the flow of solution will also 
be uniform in all parts. Therefore, if continuous leaching is adopted, each 
part of the solution is more completely displaced by the next following portion, 
while with intermittent leaching, each separate solution drains off more com- 
pletely. With mixed sands the moisture retained when drained is generally 
from 10 to 20 per cent., while with the same grains sized it may be reduced to 
between 5 and 10 per cent. in the aggregate, according to the perfection of the 
sizing. Consequently, a less quantity of dissolved gold is left behind at each 
draining, and a higher total extraction is obtained with a given amount of 
washing with sized grains. 

There is still another advantage arising from the use of classifiers, namely, 
that the more complete draining and the larger voids allow a more perfect 
penetration of air between the grains after each solution is run off, and there- 
fore give a more effective supply of oxygen. When a number of grains of 
sand carrying gold are each coated with solution whose total surface is in 
contact with a plentiful supply of oxygen, we have all the necessary conditions 
for the rapid dissolution of the gold, although only for a short time. 

Returning now to the work of the spitzlutte, it may be pointed out that 
so long as materials of different specific gravity are being dealt with, this 
apparatus does not separate the grains merely according to size. In fact, 
Rittinger,* in speaking of the product from spitzlutten, says, that “as the 
difference in volume will always be greater than the difference in weight, it 

* Lehrbuch der Aufberettungskunde, 1867-73, p. 183. 
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may therefore be said that equal falling bodies are similar in weight rather 
than similar in size.” 

And in the first spitzlutte this is exactly what is required, namely, to get 
much smaller particles of pyrites than of sand included in the 
product. Then, having eliminated in the first operation nearly 
all the coarse and some of the fine material of high specific 
gravity, that is to say, the pyrites, the further separation with 
the following classifiers will take place more strictly according 
to the sizes of the grains, which again is just what is required 
for the purpose in view. 

The action of a spitzlutte can be readily understood by 
those not already acquainted with it, by the diagrams, figs. 
38 to 40. 

Fig. 38 shows a vertical tube with a column of water flowing 
through it in an upward direction. If a number of grains of 
various sizes and specific gravities are dropped through 
the funnel a into the ascending water, it is evident that 
the rate of flow may be so adjusted that some of the 
larger and heavier grains will fall downwards and settle 
at the bottom of the tube at }, while the lighter and  ¥16. 38.—Action of 

; ; ; : the Spitzlutte. 

smaller grains will be carried upwards and discharged 
with the water. And for each rate of flow there will be a corresponding set of 
grains which will just fall. Similarly, if battery pulp can be sent in an up- 
ward stream at a certain velocity through a pipe, some of the grains will be 
left behind and some carried forward by the ascending current. In a tube 
such as that shown in fig. 39, for instance, the heavy coarse sand will fall 
back and collect at } in the bend. Such an apparatus would, 
however, soon choke itself, but fig. 40 shows a continuous 
arrangement in which there is a small outlet for coarse sand 
at the bottom of the bend. Naturally, some fine stuff and 
turbid water will flow out with the sand if no means be 
provided to prevent this. But by forcing in a small stream 
of clear water through pipe c, the downward pressure of the 
slimy water is overbalanced and the coarse sand escapes alone 
in the clear water by pipe d. By regulating the size of the 
openings 0, c, and d, and varying the height of the dis- 
charge e, a clean product can be obtained, the nature of 
: P, which, however, depends essentially upon the velocity of flow 

ee iD the main tube. Therefore, by repeating the operation with 

Action of the a series of decreasing velocities, several grades of sorted 

Spitzlutte. material can be obtained. 

Mixed grains can also be sorted by means of a horizontally flowing stream 
of water, for, by sufficiently reducing its velocity, it will be unable to carry 
forward the largest and heaviest particles, which will consequently sink to the 


bottom. A further reduction of velocity will cause other finer grains to sink, 
1 Be 


Shoo wel. 
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until finally nothing but water flows away. This is the principle of the 
spitzkasten, which is merely a box, rectangular at the top, with sides and ends 
so inclined inwards that they come nearly to a point at the bottom. A small 
outlet is provided at the bottom for the escape of the falling grains. A series 
of such boxes, with successively increasing width, gives a set of roughly graded 
products. Practical forms and details of both kinds of apparatus, and rules 
for designing them, are given in Chapter XLI. 

As a rule, very few grades of material are separated in practice. Usually 
one or two classes are made from the first 10 to 20 per cent. of the whole 
crushing, and then about 60 to 70 per cent. of the whole is treated in one lot. 
The remaining 20 to 25 per cent. is slime, from which, however, a small 
quantity of very fine sand is sometimes separated, this being either treated 
separately, or more commonly returned to the tailings launder or tailings 
wheel. 

The following particulars of the Rand practice in 1897, as given by 
E. D. Chester,* are interesting for 
comparison with the classification 
methods used in the same district 
at the present time. Battery pulp, 
carrying about 6 dwts. per ton, 
passed first through a spitzlutte 
which took about 1 dwt. per ton 
in 17 per cent. of concentrates, the 
value of these being therefore about 
11 dwts. per ton. The 5 dwts. 
overflow from the spitzlutte next 
passed through a spitzkasten, the 
underflow from which carried about 
61 per cent. of the battery output 
at 5 dwts. 8 grns. per ton, and the 

Fie. 40.—Spitzlutte. overflow carried off 22 per cent. of 
slime, worth 4 dwts. per ton. 

The following details of the practice at the Bonanza mine, Johannesburg, 
at the present time, have been kindly supplied by P. S. Tavener, the cyanide 
manager. The pulp, the value of which when leaving the battery is about 
9°6 dwts. per ton, passes to a spitzlutte 20 feet wide, which separates 10 per 
cent. of concentrates worth about 25 dwts. per ton, and containing 30 per cent. 
of pyrites. This underflow product is delivered by a hose into treatment vats 
24 feet in diameter and 7 feet deep, fitted with slat gates. The overflow from 
the spitzlutte, containing then 7-9 dwts. per ton, is delivered into similar vats 
of the same size, which collect about 65 per cent. of the whole tonnage, with 
an average value of 9 dwts. per ton. The overflow from the gates of these 
sand vats passes to a spitzkasten 6 ft. wide x 3 ft. long x 3 ft. 6 ins. deep, which 
separates out a little fine sand, and this is returned to the tailings pump, to 

* “Gold Mining in S. Africa,” Min. Ind., vi. p. 385. 


APPLICATIONS OF THE CYANIDE PROCESS. 179 


pass again through the classifiers. Lime is next added to the overflow by a 
special automatic machine designed by P. 8S. Tavener (see page 213). The 
water then contains only slime, which amounts to about 25 per cent. of the 
ore crushed, and has a value of 5 dwts. per ton. This mixture passes to a large 
spitzkasten 31 ft. 6 ins. wide x 13 ft. 6 ins. long, in which the whole of the 
slime is settled, and 61 per cent. of the water is clarified and returned at once 
to the battery by gravitation. The slime settling tanks clarify another 36 
per cent. of the water, which is pumped back to the battery, and only about 
3 per cent. of the whole water used in crushing is left in the settled slimes, 
the further treatment of which is dealt with in a following chapter. 

Another variation in classification now practised on the Rand may be 
briefly mentioned. In this case the products separated by the classifiers are : 
(1) Concentrates about 4 per cent. ; (2) Coarse sands 9 per cent. ; (3) Medium 
sands 67 per cent. ; and (4) Slimes 20 per cent. These later figures compared 
with those of 1897 given above show that the tendency has been towards 
closer concentration, although, of course, the quantity of first product will 
depend partly upon the amount of pyrites in the ore as well as upon the 
degree of concentration attained. 

The following figures from the annual reports of the Crown Reef G. M. Co. 
show how the percentage of leachable products has increased since the 
introduction of classifiers. 


ver. [oFerent., | Pansat entice 
material, 
1896 4°12 69°71 73°83 
1897 3°98 68°74 72°72 
1898 3°31 71°79 40-10 
1899 not given not given 81°54 


Classification in New Zealand.—At the Waihi mine methods similar to 
those just described have gradually displaced the process of dry crushing 
previously employed. At the Waihi mine, under the management of H. P. 
Barry, 95,829 tons were dry crushed and 63,496 tons were milled with water 
during the year 1901, and the rest of the stamps were then to be converted 
for wet crushing, which is found to be more suitable for the mineralised ore. 
At the Victoria Mill of this Company the stamp duty of dry and wet 
crushing respectively was 1-711 and 2-361 tons per stamp per day with 40- 
mesh screens. The average extraction for the year from wet crushed ore 
was, according to assay, 87:4 per cent. of the gold and 66 per cent. of the 
silver, while the actual recovery was 81:1 per cent. and 64°3 per cent. 
respectively. It may be noted that some of the coarser sands are separated 
and re-ground. 
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The following particulars of the classification plant have been supplied by 
Clement Dixon, and relate to the pulp from 100 stamps. The whole of the 
mill pulp is lifted by plunger pumps to a trestle launder 70 feet high, which 
carries it to a spitzkasten consisting of three compartments, each 3 feet 
square. The underflow with the sands goes to collecting vats 38 ft. by 8 ft., 
in which a preliminary treatment is given before transfer to a second vat. 

The slime and water overflow, from the first spitzkasten, passes on to a 
second one 36 ft. square, divided into 25 compartments, each 7 ft. by 7 ft. at 
the top, the underflow from which contains practically all the slime, and is 
run into shallow settling vats, to be thickened before it is pumped up to the 
slimes plant. 


CHAPTER XXVI. 
DOUBLE TREATMENT. 


ANOTHER modification of the cyanide process which has been introduced on 
the Rand, and which is very generally adopted there and on other goldfields, 
is to give a partial treatment in one vat, and then to transfer the material, 
after draining, to a second vat, where the leaching is completed. There are 
two advantages aimed at in this system of working: first, that in the turning 
over of the whole mass during transfer, any closely packed unleachable portions 
in the first vat may be broken up and distributed amongst the rest of the sand ; 
and second, that the material already partly treated and moistened with 
cyanide solution may be exposed to contact with the oxygen of the air during 
the removal from one vat to the other. 

Usually, in the first vat an alkaline wash, a weak cyanide solution, and a 
medium solution or part of the strong solution are passed through the material, 
in order that a sensible amount of the cyanide solution may be present at the 
time of transfer. Then, in the second vat the remainder of the strong solution 
is given, followed in the usual way by weak solution and water wash. There 
is no doubt whatever, as to the improvement in percolating qualities caused by 
the transfer from one vat to the other, in the case of ordinary mixed unclassified 
material ; and even with the sand product of the present classification methods 
there is a sensible advantage in this respect, for it is found that these sands 
occupy a larger space, being sometimes 20 per cent. more in the second vat 
than in the first. And also as regards oxidation, there must be some slight 
advantage, particularly when dealing with unclassified sand. 

But as the two processes—classification and double treatment—have the 
same objects in view, namely, improved percolation and oxidation, it is evident 
that, so far as these objects are attained by either process, it thereby renders the 
other less necessary. The question then naturally arises whether both will 
continue to be used together, as at present, or whether a further development 
of either method will render the other unnecessary ? 

If in double treatment the stuff could be completely broken up in presence 
of atmospheric oxygen during its passage from one vat to the other, either by 
revolving screens or by a disintegrator, the beneficial effects of transference 
would undoubtedly be increased, and for non-pyritic material the whole of the 
sands could probably in many cases be treated together, with a satisfactory 
extraction. But with Rand ore and many other pyritic ores, on account of 


the long treatment required by the larger pyrites particles, it would still be 
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necessary to carry out the present usual classification into three or more 
sizes. Therefore development in this direction does not seem likely to entirely 
displace classification. 

On the other hand, if the material can be really well sized into, say, six 
classes, then the method of leaching continuously with oxygenated solution, 
or intermittently, with percolation of air after each solution is drained off, 
should give a better oxidation than can be obtained by merely shovelling 
once from one vat to another, or by transference in trucks or with belt 
conveyors, and consequently double treatment could be dispensed with. 
But there are some difficulties in the way of development in this direc- 
tion, for the spitzlutte and spitzkasten are not instruments of precision, so 
that it is not always possible to obtain six well sized products by their use. 
Then the cost of the extra classifiers and the extra water has to be considered, 
as against the somewhat smaller cost of a single treatment plant. Another 
point of difficulty is that by separating into many grades, the quantity of each 
produced in a given time will be small, so that in most cases either small vats 
must be used, or the long time occupied in filling them will necessitate a con- 
siderable increase in the total vat capacity of the plant. The latter difficulty 
may, however, be overdone to some extent, by mixing two or more sizes in the 
same vat. This, of course, partly defeats the object aimed at, but when we 
classify into only three sizes, there is a fine product between the sand and 
slime which is capable of being dealt with in the leaching vats, and which 
only goes to increase the quantity of material to be treated by the more 
expensive method of agitation. If, on the other hand, we classify into six 
sizes it becomes possible to separate this fine product, and thus diminish the 
bulk of slime. This is of especial importance where the slimes are too poor 
to treat. 

Treatment in three vats.—It has been found in some cases that the 
partially classified sands, which form the bulk of the material, are not sufficiently 
uniform in texture to ensure the complete moistening of the whole mass with 
cyanide solution before transfer, and that consequently the exposure to the air 
during transfer does not greatly assist the dissolution of the gold, so that the 
final extraction is practically no better than when the transference takes place 
before treatment. Therefore in some cases double treatment has been 
abandoned and the earlier method resumed. But in other plants the difficulty 
has been met by using three vats in succession for each charge. That is to 
say, the first vat is used for collection only, and the collected sands are 
immediately drained and transferred to a second vat, where they receive the 
first part of the cyanide treatment, which is completed after removal to a third 
vat. It is clear that this principle is capable of indefinite repetition,—in fact, 
until the value of the increased extraction obtained by the last transfer is 
equal to or less than the cost of the transfer. 

Double-tier Plants.—In recent plants erected specially for double treat- 
ment the vats are in two tiers, but it is as well to point out that this is not 
an essential feature of the process. In fact, it is no more necessary in this 
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case than it was in the older method of collecting in one vat and treating in 
a second one, provided that suitable precautions are taken against loss of 
solution when the first treatment vat is emptied. For example, figures 41 
and 42 represent the usual type of double treatment plant, but the types 
shown in figures 34 to 37 are also quite suitable for this purpose. 

The chief advantage of the double-tier arrangement is that the transfer 
can be effected at a smaller cost, but against this may be placed the dis- 
advantage, that the contents of any upper vat can only be discharged into the 
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one immediately beneath it, so that any delay occurring with either means a 
loss of time for both vats. In the other types of plant, the material can be 
transferred from any vat of the first set into any one of the second series with 
equal facility. Of course, this objection to the double-tier plant can be 
obviated by allowing sufficient headroom for men with trucks between the two 
tiers, but this would add to the cost of construction, which in any case is 
much greater than for plants of the other types. 

With regard to the lifting of the material, when the plant can be so 
arranged that the whole of the clarified water from sand vats and slime 
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spitzkasten can be gravitated back to the battery, so that the whole of the 
pulp has only to be lifted once by tailings wheel or pump, the advantage is 
rather in favour of the double-tier arrangement. For, in the other case on a 
flat site (figs. 36 and 37) the collecting vats have to be below the battery 
outflow, so that the sand has to be lifted to the second treatment vats and the 
water pumped up to the battery again, and the cost of these two operations 
separately is a little more than that of lifting the pulp at first. But where 
the site has a sufficient slope, so that the battery pulp can be gravitated to the 
collecting vats and the sand transferred to the second vats without lifting, 
then only the clarified water has to be raised, and therefore the double-tier 
plant under these circumstances shows no economy of handling material, 
sufficient to counterbalance the extra cost of its construction. Moreover, in 
merely shovelling from one vat to another, the stuff is only turned over once, 
while with transference by trucks or belt conveyor it is turned over twice. 

Double Treatment practice on the Rand.—The following description of 
double treatment as carried on at the Bonanza mine, based on figures kindly 
given by P. 8.-Tavener, affords a good illustration of the most recent Rand 
practice, and may be conveniently read in connection with the particulars of 
classification at the same plant given on page 178. 

The strong solution is made up to 0°2 per cent. KCy, once for each charge, 
and varies from this down to 0-04 per cent. The medium solution ranges 
from 0-1 to 0°08 per cent., and the weak solution carries about 0°03 per cent. 
KCy. Each vat holds 114 tons of material, this having been ascertained by 
actual weighing. 

The concentrates, when drained in the upper vat, receive first 10 tons of 
weak solution, then 65 tons medium strength, after which they are again 
drained and transferred to the lower vat, this part of the treatment occupying 
five days. In the lower vat the charge receives 50 tons strong, followed by 
75 tons medium and 65 tons of weak solution, after which it is drained and 
discharged. This occupies twelve days, which makes seventeen days for the 
whole treatment. 

The sands receive 10 tons of weak solution and 20 tons of medium in the 
upper vat, and 50 tons of strong solution, 20 of medium, and 25 of weak wash 
in the lower vat. The time occupied is three days for the upper and five days 
in the lower vat. ! 

Multiple Treatment in America.—The foregoing method of employing 
vats superimposed for double treatment is also in use in America, but this is 
likely to be superseded by a system now being introduced by Chas. Butters 
and H. W. Blaisdell. The vats are all arranged on the one level, as shown 
diagrammatically in fig. 44 in plan and elevation. Eight or any other suitable 
number of vats are placed in series, and the ae is extended by arranging 
parallel to these any number of similar rows. 

When the ore is delivered from the mill as it is crushed, it first passes 
through a slime separator or classifiers in the usual way, and the underflow is 
then carried by launders to the collecting vats, where the pulp is delivered by 
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means of a Butters’ Distributor. In these vats the ore gets its first cyanide 
treatment, and is then discharged on to a belt conveyor a, which delivers it 
to belt 6, and thence to ¢, by which it is elevated and delivered to any other 
vat in the series. The ore is transferred from ¢ by means of a movable 
tripper d to a Blaisdell Centrifugal Distributor, which breaks up adhering 
lumps of sand and distributes the charge evenly in the vat. The charge is 
then treated in the usual way, and is discharged again on to the belt con- 
veyor a, from which, if desired, it may be transferred to any other vat in the 
series for a third treatment, or may be discharged and carried away to the 
dump by simply reversing the direction of the conveyor. The residue is then 
delivered to a conveyor e, which finally disposes of it to the dump. The belts 
are each 16 in. wide. 

The vats are discharged through single central discharge doors, and a special 
machine has been devised for this purpose, known as Blaisdell’s Vat Excavator. 
This is shown in fig. 43, taken from a photograph. It consists essentially of a 
number of steel rotating discs, similar to those largely used in cultivators, 
attached to arms, which are rotated from the centre by means of an electric 
motor. The discs are arranged at an angle with the arm as shown in plan, fig. 
44, and when the arms are rotated in the direction shown by the arrows the 
dises push the sand inwards to the centre, where it falls down a hole previously 
made, to the belt conveyor beneath. It is obvious that the tendency of the 
dises is to cause the sand to build up as it approaches the centre, and to 
‘counterbalance this action two short arm-carrying discs are arranged at right 
angles to the long one. This machine is said to have a capacity of 100 tons 
an hour working in a 30 feet vat, and requires 7 horse-power. 

The Butters distributor, the excavator, and the Blaisdell centrifugal 
distributor are all carried on carriages that run on a track over the whole 
length of each series of vats. In order to transfer these parts to any other 
series of vats, a transfer table is provided, running on a track at right angles 
to the main track at the end of the series, as shown in fig. 44. 

At the works of Chas. Butters and Co. Ltd., Virginia city, Nevada, the 
Butters distributor is supported by a crane which stands outside the line of 
vats, but midway between the two collecting vats. This plant is also arranged 
so that the ore can be brought in direct from accumulated heaps of tailings by 
means of the conveyor f, and then any vat in any series can be ones direct 
by means of a Blaisdell centrifugal distributor. 

Chas. Butters is also introducing a special machine for drying and aerating 
sands and slimes, known as Blaisdell’s Aerator. It is similar to that shown 
in fig. 45, page 195, except that the sprayer is dispensed with, and the shelf a 
and the bottom of the machine are covered with perforated plates, leaving 
hollows into which compressed air is forced, which rises upward through the 
sand as it is being turned over by the discs. This machine is used to oxidise 
reducing matter in old tailings and slimes before being charged into the 
leaching vats, and it is also proposed to use it to aerate ore as it is being 
transferred from one tank to another in the double treatment. 


CHAPTER XXVIL 
DIRECT TREATMENT OF DRY CRUSHED ORE. 


In this application of the cyanide process, the first trouble met with results 
from the necessity of drying all ore which contains more than about 2 per cent. 
of moisture, before it can be crushed dry. Drying is done in kilns or furnaces, 
and this often partially decomposes pyrites and other sulphides, arsenides, 
tcllurides, etc., forming compounds that increase the consumption of cyanide, 
and render the gold and silver less soluble. 

In the earliest New Zealand practice the ore was dried in circular pits 
sunk in the ground, each of these being about 20 feet in diameter and capable ~ 
of holding 100 tons of ore and 25 tons of firewood, the ore and fuel being 
placed in alternating layers. The bottom of the pit is formed by a brick arch 
with a discharge door over a tunnel, through which the dried ore is removed 
in trucks, in lots of 50 tons at a time. After each withdrawal of half the 
charge the kiln is filled up again with layers of ore and wood,.so that the 
method is practically a continuous one. 

At the Crown mine at Karangahake, when dry crushing was practised 
there, the ore was dried in a furnace having a firebox, over which is a steeply 
inclined rectangular flue provided with inclined iron shelves, so arranged that 
they prevent the ore from touching the back and front walls of the furnace, 
and allow space for the products of combustion to pass up around the lumps 
of ore. It is similar in principle to the well known Stetefeldt furnace. The 
Rothwell furnace is used for drying in Colorado and other parts of America. 
It consists essentially of a tapered revolving cylinder, usually about 20 feet 
long, 4 feet in diameter at the receiving end, and 5 ft. at the delivery end. 
There is a brick firebox at the large end, and a brick dust chamber and 
chimney at the small end. The cylinder, of 4 in. sheet steel, is divided into 
quadrants by two longitudinal partitions of 2 in. steel plates, which cross each 
other at right angles and extend nearly the full length of the cylinder.* The 
motion and inclination of the cylinder cause the ore to pass slowly along 
towards the firebox end, and it is dried by the heated gases passing in the 
opposite direction. Many of the well known types of roasting furnaces are 
also used for drying ore in various districts, as for instance the White-Howell 
and the Argall furnace in the United States and West Australia. 

But with most American ores the amount of metallic mineral 1s so great 
that merely drying the ore renders the subsequent treatment difficult, if not 

* Engineering, July 1, 1898. 
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often impracticable, on account of the partial decomposition already referred to, 
and this is especially the case with ores containing much arsenical pyrites and 
certain tellurides. In these cases when the ore is dried before crushing, it is 
often advisable to roast after crushing, and when roasting becomes necessary, 
it is usually found most economical to dead roast. 

New Zealand practice illustrates the use of stamp mills for dry crushing, 
while American plants show what is done with Krom rolls and similar 
machines. Ball mills have been used on a large scale in Chile and Western 
Australia, and Griffin mills chiefly in the latter place. It will be convenient 
to describe the methods practised in these countries in the above order. 

New Zealand practice with Stamps.—It is generally admitted nowadays 
that a stamp mill working dry will crush through a given mesh, only about half 
the quantity that is delivered by the same mill when crushing wet with a 
suitable supply of water. But it does not follow that the ore is crushed 
equally fine in both cases. In fact it is almost self-evident that the fineness of 
the crushing for any given material will be dependent upon the time it 
remains in the mortar box, and in some cases a dry stamp mill will be nearly as 
efficient as a wet one, because in the latter case a much finer screen is required 
for a fine product than in the former. For instance, at the Waihi Mill, where 
the ore is a very tough amorphous quartz, a 900 Ib. stamp falling 7 ins., at 
92 drops per minute, crushes about 1°55 tons per stamp in 24 hours through a 
40-mesh screen. The fact that 80 per cent. of the product from this tough 
ere will pass an 80-mesh screen, shows that the material is not discharged as 
soon as it is reduced to the screen size, and therefore receives much extra 
pounding before it is light enough to be blown or drawn through the screen. 
At Waihi this is an advantage, because it is necessary there to crush very fine 
in order to liberate the gold, and with the dry mill this can be done without 
the use of a very fine, and consequently easily breakable screen. Similar 
results are obtained at other mines’in the Hauraki peninsula. In 1901, with 
slightly heavier stamps, the duty was raised at the Waihi to 1:7 tons per 
stamp.* One great practical objection to stamps for dry crushing lies in the 
large quantity of dust which permeates the whole atmosphere inside the mill, 
and which constitutes a serious danger to the workmen, from its irritating 
efiect upon their lungs. 

The ore when crushed is usually carried by screw conveyors to storage bins, 
from whence it is delivered in trucks to the treatment tanks. Sometimes the 
section of tram line over each vat has a lateral traversing motion, so that a 
truck upon it can be tipped over any part of the vat. In the most recent plants 
a complete system of belt conveyors is used for charging. The entire treat- 
ment is given in one vat, and is similar to the single treatment method already 
described, but the vats are only filled to a depth of 2 ft. 6 ins. on account of 
the presence of a quantity of fine material. A vacuum is used to assist the 
leaching of the second and following solutions, the suction being applied in the 
following way: A steel cylinder is connected by a pipe, provided with a cock, 

* Annual Report issued April 11, 1902. 
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to the leaching vat below the filter. This cock being closed, the cylinder is 
exhausted by a vacuum pump to 20 or 24 ins. of mercury; it is then closed 
to the pump and opened to the vat, so that the suction draws the solution 
into the cylinder. When leaching is completed, the cock connected to the vat 
is closed, and the solution is run out of the cylinder, which is then again 
exhausted by the pump. This indirect method of applying the vacuum, 
instead of connecting the pump directly to the vat, is adopted to avoid injury 
to the pump valves by any grit remaining in the filtered solution. 

It is well known that when dry ore is treated, a larger quantity of wash 
water can be used than in the case of wet crushed ore, without increasing the 
bulk of solution in use. In this district the following figures represent the 
average practice: For each ton of ore, 0°35 ton strong solution, 0°3 ton of 
weak solution, and 0°35 ton of water wash. 

In 1901, according to the annual report, the extractions at the two dry 
crushing mills of the Waihi Company were— 

Watht Mill.—Assay extraction, 87:7 per cent. of the gold and 48-4 per cent. 
of the silver. 

Actual recovery, 86°3 per cent. gold and 51°7 per cent. silver. 

Victoria Mill.—Assay extraction, 89°4 per cent. of the gold and 50°6 per 
cent. of the silver. 

Actual recovery, 88 per cent. gold and 52°5 per cent. silver. 

These results are obtained with ore from the upper levels of the mine, but, 
owing principally to the increase of metallic mineral matter in the ore in the 
lower levels, dry crushing in this district is gradually being displaced by a 
modified form of wet crushing, which will be referred to later. 

American practice with Rolls.—In the United States rolls of the Krom 
and other types have been used almost exclusively for the dry crushing of ores 
for cyanide treatment. Some very large and well equipped plants have been 
erected for this purpose, and we have selected the Golden Gate Mill at Mercur, 
Utah, U.S.A., as a good typical example for description, both as regards 
design and treatment. 

For many of the following details we are indebted to articles by W. R. 
Ingalls and by L. Janin jr. in volumes vii. and viii. respectively of Mineral 
Industry. 

The works are built on eight levels excavated on a steep hillside ; the total 
fall from the grizzlies to the discharge from leaching vats is 130 feet. The ore 
is raised in skips to the top level by means of an inclined tram 800 feet long. 

It is dumped over grizzlies, the fines going direct to a storage bin, while 
the coarse stuff passes through a 6-inch Gates Crusher to the same bin. There 
are three classes of ore, known as oxidised, talcose or mixed, and base, for each 
of which a separate storage bin is provided. The material is carried from 
these bins by belt conveyors over straight line dryers, which are used when 
necessary. The dry ore is sent to Berthelot sizing screens, from which the 
fines pass at once to the finishing rolls, while the remainder goes through the 
coarse crushing rolls and over a second vertical screen to the finishing rolls. 
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The following sized screens are used, namely, 23-inch mesh for oxidised ore, 
4-inch for mixed ore, and }-inch for base ore. The three classes of ore are 
still kept separate after passing the finishing rolls, as their subsequent treat- 
ment is different. The fully oxidised ore is ready for the leaching vats, but 
the mixed ore is carried by belt conveyor to two Holthoff-Wethey Calciners, 
100 feet long by 12 feet wide each, with a capacity of 145 tons per 24 hours, 
and a consumption of 8 tons of coal. The base ore is elevated to four Brown- 
Jackling straight line furnaces, 100 feet long by 12 feet, each burning 7 tons 
of coal and roasting 70 tons of ore per day. 

Here we have examples of practically all the methods of furnace treatment 
preparatory to cyaniding, that is to say, drying before crushing when 
necessary ; calcining after crushing, in order to drive off the combined water 
from the talcose ores, to improve their leaching qualities ; and lastly, complete 
roasting for the arsenical ores, which contain before roasting | to 24 per cent. 
of arsenic and 2 to 5 per cent. of sulphur, and from 0:1 to 0°15 per cent. of 
arsenic afterwards. 

When charging the leaching tanks, a layer of oxidised ore is spread over 
the bottom to a depth of about 10 inches, and the remainder of the tank is 
filled with a mixture of all three kinds. The ore is trammed to the tanks, 
which are 50 ft. x 25 ft. x 5 ft. deep, in side tipping trucks, three men charg- 
ing a tank with 260 tons in 8 hours. 

The following cyanide treatment is given. A strong solution containing 
0-4 per cent. KCy is admitted under the filter cloth at a pressure of 14 feet of 
head, and rises to the top of the charge in 8 hours. It remains on the ore for 
16 hours, after which it is allowed to percolate downwards, and fresh strong 
solution is added at the top as required for 24 hours. This is followed by a 
0-3 per cent. solution, then weak solution and water washes are applied, about 
2 tons of liquor altogether being used per ton of ore treated. 

Another large plant has been erected by D. C. Jackling at the Republic 
Mill, Washington,* in which the general arrangements are similar to those of 
the Golden Gate, but in this case the ore passes through a sampling mill 
before going to the main crushing plant. In this sampling department the 
ore passes from the storage bin to a No. 5 Gates Crusher, thence by an 
elevator to the first revolving trommel. The fines go to a set of Gates high 
grade rolls, and the oversize returns through an H Gates Crusher to the first 
elevator, and so on until all can pass the trommel screen. After the ore has 
passed the rolls, a first sample is taken by a Brunton Automatic Sampler, the 
rejections going by elevator No. 2 to the sampled ore storage bins. The 
sample is lifted by a third elevator to a small set of rolls, and then passes 
through two sampling machines in succession. The sample from the second 
of these amounts to about 1 per cent. of the original weight of the ore, and is 
further reduced in quantity by hand sampling, and reduced in size by the 
small crushing apparatus usually found in large assay laboratories. All the 
ore from the sampling mill will pass a half-inch screen. 

* Eng. and Min. Journal, vol. 1xx. p. 638, 1900. 
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Chilian practice with Ball mills.—The following account of a large 
installation of Ball mills at the Atacama Mineral Co., Chile, is condensed from 
a paper read by Sidney H. Loram before the American Institution of Mining 
Engineers.* 

The ore is broken in a Blake Crusher to pass a 3-inch ring, and is then 
delivered to eight No. 4 Grusonwerk ball mills, each of which contains 1320 
lbs. of balls and requires 11 h.p. at 25 revolutions per minute. The output 
has reached 64 tons in 24 hours, but over a long period, including stoppages 
and repairs, has only averaged 54 tons per mill per day when crushing through 
an 80-mesh screen. Usually 60 per cent. of the product obtained under these 
conditions will pass a 100-mesh screen. One man can hand-feed the eight 
mills. The amount of steel abraded from balls and plates is 4°27 lbs. per ton 
of ore, in addition to which 1°42 lbs. is thrown away in worn out parts, so 
that the total loss amounts to 5°69 Ibs. of steel per ton of ore crushed. These 
figures refer to the special malleable steel supplied by the makers of the 
machines. 

This exceedingly fine grinding is necessary because the gold is extremely 
fine, and is said to be so thoroughly distributed through the gangue that even 
minute particles of the latter may sometimes completely enclose the gold. 
The ore is described as being very hard and tough, and is therefore, according 
to our experience, of the kind least suitable for these inachines. Moreover, in 
most mining districts it is very seldom necessary to crush so fine as in this 
case, so that we may consider the above results to represent the work of a ball 
mill under the hardest conditions which are likely to occur in practice. See 
Table XXXV. page 193. 

The ore, after crushing, is elevated in trucks to an overhead tram line and 
tipped into the leaching vats, where it receives an ordinary single treatment 
with the following quantities of solution per ton :— 


Alkaline wash, 0°22 ton containing 0°01 per cent. KCy. 


Strong solution, 0°44 ,, ee 0°30. .5 mea 3 
Weak ” 0°22 ”? 9 0-1 ee) ”? ” 
Water wash, O1Tas 3 0015) ae 


The 0-01 per cent. KCy, of course, is the strength at which the water wash 
comes off from the vat. 

One point of interest in connection with this plant is, that sea water was 
used throughout without any ill effects, except that at starting “a rather 
heavy precipitate was formed of magnesium hydrate and carbonate,” which, 
however, was hardly noticeable with the small additional quantities of sea 
water required in the subsequent working. 

But our principal reason for giving the above particulars is, that they 
afford a very fair comparison of ball mill work with the stamp mill crushing 
in New Zealand, for, according to 8. H. Loram’s description of the Atacama ore, 
it appears to be physically very similar to that of the Hauraki peninsula. 


* Trans., vol, xxix. pp. 497-502. 
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Thus, as regards fineness, we have— 


Ball mill ... Crushed 80-mesh ... 60 per cent, passes 100-mesh screen, 
Stamps ar) 40 ” e80 ) 9 ” 80 
Stamps” ... te Oe i peeecoxe tl hte yet 


79 9 


9 3 


A careful consideration of the above figures leads to the conclusion that 
the products are equally fine in both cases. The ball mill takes 2 h.p. per 
ton crushed in twenty-four hours, and we estimate the power required for the 
battery, whose results are given, at 1°98 h.p. for the daily output of 1°55 tons, 
which is equal to 1:28 h.p. per ton per day. The labour for driving and 
feeding should be the same in either case, but the wear and loss of metal with 
ball mills is at least twice as much as it is for stamps. As far as our com- 
parison goes, therefore, the stamp mill is a cheaper dry crusher than the ball 
mill for very tough ore requiring very fine grinding, but against this is the 
advantage that the dust difficulty can be readily obviated in the case of the 
latter machine, and the mill atmosphere kept clear and wholesome. 

Ball Mills and Griffin Mills in West Australia.—In treating the oxidised 
ore on the Kalgurli goldfields, wet crushing followed by classification and 
double treatment, as on the Rand, has been the general rule, but the necessity 
for giving a dead roast before treatment of sulphide ores, has led to the intro- 
duction of dry crushing for this latter class of material. The ore is usually 
soft and contains a large amount of the silicates of alumina and magnesia, and 
consequently, with any method of crushing, a large quantity of fine slime is 
produced ; but as the gold in the ore is itself extremely fine, this ready sliming 
of the crushed material cannot be looked upon as a disadvantage, but rather 
as.a favourable circumstance which reduces the cost of milling. In fact, at 
some of the mines the whole of the ore is intentionally reduced to slime before 
treatment by cyanide, in order to get the highest possible extraction. 

It is evident, therefore, that the direct treatment of the whole dry product 
by percolation, as in New Zealand and America, is impossible in this district, so 
the usual practice is to deliver the crushed and roasted ore to a mechanical 
mixer, in which it is made into a pulp either with water or cyanide solution. 
This pulp is then passed through classifiers to separate it into coarse and fine 
sands and slime. 

The following details of the work carried on at the Kalgurli gold mines 
and the Lake View Consols are abstracted from a pamphlet by Robert Allen, 
M.A., B.Sc., which was published by the W. Australian Government. 

At the first named plant the ore passes over a 2-inch grizzly to a No. C 
Comet Crusher, breaking to 24 inches. When necessary, the ore passes through 
a White-Howell Dryer, and thence to six No. 5 Krupp ball mills. The mill 
product gives the following results by screening :— 


Passing 120-mesh .,. 40 per cent. 
99 80 99 oe 30 99 29 
99 35 99 ee? 30 29 99 


* John M'Connell, Tran. Inst. Min. and Met., vol. vii. p. 27. 
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The last named screen is used on the mills. A 45-inch Sturtevant fan 
draws the fine dust from the ball mills to cyclone settlers, whence it is sent to 
the furnaces to be roasted with the main product, these furnaces being pro- 
vided with large dust chambers. The roasted stuff is carried to a mixer and 
pulped with water, thence to spitzkasten, which separates sands from slime. 
The sands pass over copper tables, then to Halley concentrators, and finally to 
leaching vats, where they undergo treatment for thirty days. The strong 
solutions are continually circulated by an air jet, which also aerates them. 
About two-thirds of the whole crushing is treated by percolation in this way. 
The concentrates from the Halley tables are amalgamated and slimed in 
Wheeler pans, and treated by agitation like the rest of the slimes. 

The general features of the methods used at the sulphide plant of the Lake 
View Consols mine are similar to those just described, but instead of spitzkasten 
for separating sand from slime, an ingenious modification of the collecting vat 
is used. This vat has a revolving stirrer, which can be raised and lowered. 
The whole of the roasted ore is delivered to this vat together with a cyanide 
solution, and the speed of the stirrer is so adjusted that the slime is kept in 
suspension and overflows with the solution, while the sand settles in the vat. 
The sand thus collected is afterwards discharged into a pit, from whence it is 
delivered to the treatment vats. In this plant only about one-third of the 
total ore crushed is treated by percolation. 

At those mines where the whole of the ore is reduced to slime when ball 
mills are used, their product after roasting is subjected to further reduction, 
either by grinding dry in a tube mill or wet in Wheeler pans. The tube mill 
has been used for some years in cement works, but as it has only recently 
been applied in mining, a brief description of it is advisable. It consists of a 
steel cylinder revolving on an axis slightly inclined to the horizontal, and con- 
taining a number of pieces of broken flint. ‘The product of the ball mill is fed 
into the upper end of the cylinder, and is reduced to a very fine powder by the 
grinding action of the flints as it slowly passes between them to the discharging 
end. These mills are also used in a modified form for wet grinding. The 
Wheeler Pan is too well known to need description. Where Griffin mills have 
been installed this additional grinding plant is not used, for the Griffin 
mills with 15-mesh screens give about the same degree of fineness as the 
ball mill with 40-mesh. Where sliming is required it appears, therefore, 
that the first named machine has some advantages, but with ordinary quartz 
and quartzose ores the free delivery of the ball mill which causes the above 
difference is a distinct advantage, in that it tends to a uniform size of grain, 
determined by the mesh of the screen. As a comparatively coarse but uniform 
product is the chief desideratum in the large majority of cases, it is likely that 
the use of ball mills will extend in the future for dry crushing. With quartz, 
a ball mill may be expected to give a product of which from 80 to 90 per cent. 
is retained on an 80-mesh screen, while with Rand banket under the same 
conditions about 60 to 70 per cent. will be retained. 

In Tables XXXV. and XXXVI. we have collected a number of fede given 
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by various authorities, independent of the makers, which show actual results 
obtained in practical work with these two machines. It will be seen that, 
under the same conditions as to material and product, each requires about 
the same power. The slower speed at which the ball mill works is a practical 
point in its favour, as this means cheaper foundations and less noise and 
vibration in working. 

The following figures given by N. F. White* are of great interest, as affording 
a direct comparison of results obtained with rolls and ball mills on the same 
class of soft oxidised ore, through screens of the same size. The power given in 
each case includes the driving of dryers, elevators, screens, and mills. 


TaBLeE XXXVII.—Comparative Power required for Rolls and Ball Mills. 


Tons H.P. per ton | Tons crushed 
Mills and Machinery. Screen. | crushed | H.P. | crushed per | per day for 
per day. day. the H.P. 
2 stone breakers, dryers, elevators, | 
8 sets of rolls, screens, counter- | 20-mesh 125 100 0°80 1°25 
shafting. | 
4 stone breakers, 4 dryers, 4 ele- 
vators, 16 No. 5 ball mills, | 20-mesh 369 321 0°87 1°15 
countershafting. 


As regards power, therefore, the rolls have a slight advantage, but this is 
more than counterbalanced by the extra labour required in attending to the 
separate screens and elevators which return the oversize from the several sets 
of rolls, whereas with the ball mill this operation of returning the oversize - 
is continuously performed inside the machine itself. 

Other examples of Dry Crushing and Cyaniding.—At the George and May 
mine near Johannesburg, a quantity of banket ore was successfully treated by 
simply passing it through a single Gates Crusher and leaching directly in vats. 
The extraction was reported at 70 per cent., being about equal to that crushed 
through a battery screen. 

We have met with oxidised ore in Gippsland, Australia, which gave the 
following results on a small scale after crushing to pass a 30-mesh, and in 
another case to pass only a 23-inch screen :— 


Product passing 30-mesh gave 73°3 per cent. in 7 days. 
29 ” -inch ” 67 °2 


29 29 


These results were as good as those obtained in working on a large scale 
with the same ore after crushing in the battery. 
Other similar instances have been noted, but they are exceptional cases, 
where the ore was originally so heavily mineralised that the subsequent 
* Trans. Inst. Min. and Met., vol. vii. p. 50. 
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complete oxidation of the mineral makes the ore not only friable, but also 


Fie. 45,—The Blaisdell Mixer for moistening pulverised ore with cyanide solution , 
sectional elevation and plan. 


porous; consequently the solution can not only readily penetrate znto the 
coarser pieces and dissolve the gold, but can also freely drain out again. 
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At the Lisbon-Berlyn and other mines in the Transvaal outside the Rand 
district, dry crushing has also been adopted. According to Matthew T. 
Brown only 14 dwts. per ton could be obtained by wet crushing and 
amalgamation at this mine, while 40 per cent. of slime was produced. The 
ore is now passed successively through a Blake rock breaker, two Marsden fine 
crushers, and finally a set of Gates rolls, with screening at each stage of its 
crushing. The average extraction for twelve months on 10 dwts. ore has 
been 68 per cent. from the direct cyaniding of this material. 

Moistening Dry Crushed Ore.—A special apparatus has recently been 
devised and used in the United States for moistening dry crushed ore, known 
as Blaisdell’s Mixer, and is shown in fig. 45 in plan and sectional elevation. 
Its object is to prepare the ore in order that it may be conveyed and dis- 
tributed in the leaching vats without danger of loss from dusting, and further, 
to improve the texture of the ore for leaching purposes and aerate it while 
moistened with cyanide solution. It consists essentially of two sets of arms, 
keyed on a vertical suspended shaft, which carry a number of discs, arranged 
at angles similar to those in the excavator already described, page 185. The 
upper arms are caused to rotate within a covered circular chamber over a 
shelf a, and the lower ones over the bottom of the chamber. The ore is fed 
through the hopper 0 and falls on to the shelf a, where it gets turned over 
and over again by the rotating discs, and at the same time is sprinkled with a 
cyanide solution. This is done by a perforated pipe ¢, which is fed through a 
hollow in the shaft. The upper set of discs are arranged to throw the ore 
outwards, mixing it at the same time, when it falls over the edge on to the 
bottom of the chamber, where the lower discs push it inwards to a central 
discharge. It then falls on to a belt conveyor to be carried to the leaching 
vats. A 12-ft. machine is said to have a capacity of 100 to 200 tons per 
hour, and requires 5 horse-power. 


Sar he Ay LTT 
CRUSHING WITH CYANIDE SOLUTION. 


In the year 1893 this method of treatment was introduced by the African 
Gold Recovery at the old May battery near Johannesburg. The mortar 
boxes were supplied with solution, and the pulp, after amalgamation on 
the plates, was led directly to the leaching vats. The solution when 
partially cleared of slime was returned to the battery. This process was 
abandoned after a short trial, but the cause of failure was not officially stated. 
It is likely, however, as no method for treating slimes was then known, that 
the difficulty lay in that direction. For if the greater part of the slime which 
overflowed from the leaching vat was returned to the mill, it would soon 
accumulate to an unworkable extent. If, on the other hand, the slime was 
merely settled and thrown away, the consequent loss of some gold and cyanide 
solution would sufficiently account for the non-success of the experiment. 

A very successful application of the same principle, but with important 
modifications, is now in use in New Zealand, where it was first introduced at 
the Crown mines, Karangahake, by John M‘Connell, in 1897. The nature of 
the ore in this district has already been described on page 187. 

One important variation from ordinary wet milling practice is the small 
amount of solution used in the battery, namely, from 14 to 2 tons for each 
ton of ore crushed. This limited supply has two advantages, the first 
being that the extremely fine crushing which is required can be effected 
without using a very fine screen. The following comparison in Table 
XXXVIII. of sizing tests given by J. M‘Connell * illustrates this point. In both 
cases the ore was crushed through a 40-mesh screen. 


TaBLE XXXVIII. 


With 4tonsof With 2 tons of 
Solution per ton | Solution per ton 
of Ore crushed. | of Ore crushed. 
Retained on 60-mesh, | 13°5 percent. | 3 per cent. 
39 9 90 39 20° 9 21 9 
Passed DOoe.. 66°0 A (hol Tee 


* “Notes on Dry and Wet Crushing with Cyanide Treatment in New Zealand,” 7'rans, 
Inst. of Min. and Met., vol. vii. pp. 26 et seq. 
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The following figures in Table XXXIX. relating to the same ore crushed 
wet and dry through a 30-mesh screen, given by the same authority, show 
that practically identical results can be obtained by the two methods. 


TABLE XXXIX, 


Wet crushed 
Dry crushed Ore.) with 1°6 tons 
of Solution. 


Retained on 40-mesh,} 1°20 per cent. 1:00 per cent. 


” HOVE 9°00 ” 8:00 ” 
9 ”? 90 ”? 12°56 9 16°80 ” 
Passed it Mae i287 14°20, Gas 


The second advantage above referred to, is that the volume of gold- 
bearing solution to precipitate from is kept within convenient limits, but is 
nevertheless nearly double the quantity used in the treatment of the dry 
crushed ore. 

Lime is fed into the mortar box with the ore to keep the solution alkaline. 
The pulp passes over amalgamated plates as usual and thence by launder to 
collecting vats with revolving distributors, in which the bulk of the material 
settles, while the overflow is passed through two settling vats in series, for 
- deposition of the slime remaining in the water. The solution is then sufficiently 
clarified to pass through the precipitation boxes, after which it again goes 
through the mill. 

More lime is added in the collecting vat when required, and when 
sufficient material has been deposited, the supply of pulp is diverted to 
another vat, while the contents of the first are allowed to settle. Then the 
clear solution is decanted from the top, the rest of the solution is drawn off 
through the filter with the help of a vacuum cylinder, and the dissolved gold 
remaining in the ore is washed out in the ordinary manner. The above 
description of the method is condensed from M‘Connell’s paper already 
referred to. 

The advantages of this method, as against the previous system of dry 
crushing applied to the same ore, may be fairly stated as follows :— 

1. A slight increase of stamp duty from 1:13 to 1:38 tons per stamp per 
day. 

2. Absence of fine dust from the atmosphere around the mill and treatment 
plant. 

3. Recovery of coarse gold, if any. Of course, with dry crushing, this 
could be done by amalgamating the residues. 

4. Agitation of pulp in battery and launders. | 
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5. Saving of cost of preliminary drying, and absence of partially de- 
composed mineral due to irregular heating. 

6. Saving of wear and tear of conveyors. 

The disadvantages are— 

1. Increased volume of solution to precipitate from, as mentioned above. 

2. Increased wear and tear of battery screens. 

3. Necessity for separate treatment of slime product. 

In this case, therefore, the balance is in favour of the later method, but in 
view of its possible application in other districts, it is necessary to point out 
one serious drawback, in the case of ores which are distinctly ‘acid’ when 
delivered from the mine, namely, that no preliminary alkaline treatment can 
be given to the material before coming into contact with the cyanide solution. 
Also, as compared with the ordinary methods of wet crushing with water and 
the after-treatment with cyanide, it has the enormous disadvantage of 
reducing the capacity of the mill to a very great extent, and of producing a 
finer grade product than is usually economical. It may, however, find a 
suitable application where very fine reduction is required, and where the 
slimes are filter pressed. 


TREATMENT OF CONCENTRATES, 


The cyanide process is now applied in many cases to materials which, a few 
years ago, would without question have been treated by roasting and sub- 
sequent chlorination. This remark applies especially to the products of close 
concentration, which are often cyanided raw, but, if rich enough, are prefer- 
ably roasted. The cyanide process was at first applied to these refractory 
materials only, and were then treated by agitation, alternating with percolation. 
From a purely technical point of view, this is undoubtedly the quickest and 
most efficient method of extracting the gold from such material, whether raw 
or roasted. . But the expense of continuous or repeated agitation of coarse 
particles of high specific gravity, limits the application of this method to rich 
material only. 

Professor R. W. Lodge, of Boston, Mass., published * some interesting 
results of experiments by W. A. Tucker bearing upon this point. The tests 
were made upon Frue vanner concentrates, containing about 66°5 per cent. 
of arsenical pyrites, some iron pyrites, galena and chalcopyrite, that as- 
sayed over 6 ozs. per ton. The solution used contained one per cent. 
of KCy. We have averaged and summarised the results in the following 
table (XL.). 

The experiments were made on small samples of only 25 grammes each, 
which explains the very evident discrepancies in the KCy consumption, but 
they nevertheless establish the advantage of agitation for that particular 
material in its raw state. 


* Trans. Am. Inst. Min. Eng., vol. xxv. p. 90. 
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Similar experiments by John M‘Connell* on concentrates containing 0°5 


TaBLE XL, 
Percolation. Agitation. 
Time of Extraction |KCy consumed] Time of Extraction |KCy consumed 
Treatment. per cent. lbs. per ton. treatment. per cent. lbs. per ton. 
16 hours. 53°69 5°16 2 hours. 87°28 2°48 
yd hips 60°45 9°84 54 yy 91°49 4°64 
Lis ees, 76°93 9°52 40 tts 91°90 2°96 


oz. gold and 13:9 ozs. silver, crushed to pass a 90-mesh sieve, give very similar 
results, thus— 


TaBLE XLI. 


By Percolation. 


By Agitation. 


Extraction. Extraction. 
tetera Per cent.|Per cent. Tie in Per cent.|Per cent. 
<Cy KCy KCy KCy 
hours. | } po after hours. before after / 
Ease : Gold. Silver. ; 4 Gold. | Silver. 
70 1°2 1-0 70 | 28+4 16 1°2 11 90 | 83°8 
70 0°6 0°45 64 12°5 16 0°6 0°49 82 66°5 


On the Rand goldfields fairly large quantities of concentrates have been 
treated raw from time to time, and it has been found that the extraction is 
materially improved by turning the material over every few days during the 
treatment. 

From this it would appear that one of the difficulties in the way of treating 
such material is mechanical rather than chemical, and is probably due to the 
tendency of raw concentrates to pack so tightly and cohesively, that the 
solution cannot get free access to all the gold. In some cases, therefore, it is 
good practice to reduce the whole of the material to a very fine state, and to 
treat it as slime by agitation and filter pressing. And in cases where the 
quantity to be treated is too small to justify the provision of expensive plant, 
the use of revolving barrels for raw treatment is advantageous. 

But in the great majority of cases, a dead roast followed by ordinary 


* Trans. Inst. Min. and Met., vol. vii. p. 82. 
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leaching in vats is to be recommended. The following figures obtained in 
treating concentrates containing arsenical pyrites and iron pyrites, and about 
2 ozs. of gold per ton, will illustrate the effect of roasting in producing a more 
rapid and complete extraction. 


TaBLeE XLII. 


Hours under | Extraction Extraction 
Solution. Raw. Roasted. 
96 55 per cent. | 69 per cent. 
150 59 me 86 - 
190 yy i 90. 4; 


In both cases the figures indicate that a still better extraction could be 
obtained by longer treatment, but with the unroasted stuff, even if the rate of 
dissolution during the last interval were maintained throughout, it would re- 
quire about twenty-four days’ total treatment to reach the 90 per cent. that 
is attained in eight days with the roasted material. In the case of highly 
mineralised ores of values greater than 2 ozs. per ton, it must not be forgotten 
that the supply of oxygen, even in well aerated solutions, is often insufficient 
for complete dissolution of the gold in the time allowable. Also, that with the 
comparatively coarse gold often present in concentrates, local exhaustion of the 
liquor around the particles of gold is likely to occur, in respect of cyanide, at 
the gold surface, and oxygen at the pyritic surface. It is therefore useless 
to allow the solution to remain at rest for any length of time, and the best 
treatment is to maintain a continuous percolation with solution of medium 
strength, say, from 01 to 0-2 per cent., until the limit of economical extraction 
is reached. When the roasting is properly performed, the rest of the treatment 
is usually very simple, because the furnace product being thoroughly oxi- 
dised, the consumption of KCy should be small, while the physical condition 
of the material, being dehydrated and taking a granular form, is conducive to 
satisfactory leaching. This method is applicable also to concentrates con- 
taining sensible amounts of carbonate of lime, barium, etc., which prevent the 
application of chlorine, owing to the great waste of that solvent. In the furnace, 
these are, for the most part, converted into the corresponding caustic hydrates, 
which are not merely innocuous, but actually advantageous in the cyanide 
treatment. 

Preliminary Treatment with Acid.—It often happens that pyritic material, 
either by oxidising in the mine, or by weathering after concentration, or even 
through imperfect roasting, may become partially decomposed, and several 
suggestions have been made with a view to the preparation of such material 
for cyaniding, without the expense of a complete roast. Some interesting 
work has been done in this direction by A. F. Crosse and W. Bettel, and from 
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their statements of their respective experimental results* we extract the 
following brief summary. 

Assuming that the free acid and soluble acid salts have been dealt with in 
the usual manner, the principal cyanicide remaining in the Rand concentrates 
is the basic ferric sulphate, which being insoluble in water, is not removed by 
the ordinary preliminary water wash. Crosse found in one case 0°495 per 
cent. of iron existing in this condition. His view is that this ferric sulphate 
is decomposed on adding cyanide solution, forming hydric cyanide and ferric 
hydrate, and he also states that the freshly precipitated ferric hydrate forms 
ferro- or ferri-cyanide of potassium. He proposes to overcome the difficulty 
by dissolving out the iron by means of a weak solution of H,SO, or HCl; 
and gives the following example of the results of this treatment :— 

Concentrates in natural state-—Consumption of KCy 2°84 grammes, and 
extraction 51°8 per cent. 

Concentrates after digestion with weak HCl.—Consumption of KCy 0°66 
grammes, and extraction 84°3 per cent. 

The advantages of this method are indorsed by W. Bettel, who worked 
independently on the same lines and arrived at similar results. His views are, 
however, slightly different as to the action of the ferric sulphate, which, he 
says, with cyanide of potassium will form ferricyanide of potassium, hydric 
cyanide, and ferric hydrate, but that the Jatter, when free from basic salts, is 
entirely unattacked by KCy of moderate strength. Therefore he says, that 
any method which will completely convert all the basic ferric salts into ferric 
hydrate and an inert salt, will prevent much loss in cyanide. For instance, 
sodium dioxide in excess appears to oxidise pyrites to ferric hydrate at once, 
without forming the intermediate ferrous state, sodic sulphate being also 
formed. He does not, however, propose to use sodium dioxide for this purpose 
in practical treatment, because the cost of it would be too great. 

Crosse also found that by heating the concentrates to a temperature just 
under dull red, sulphurous acid is given off, and the insoluble ferric sulphate 
is thereby converted into ferrous sulphate and ferric oxide. It is still 
necessary to add a little H,SO, to the first two or three water washes, to 
prevent the formation of the basic ferric sulphate from the ferrous salt in the tank. 
By this method he obtained 88 per cent. extraction, from concentrates assaying 
about 3 ozs. per ton, in fourteen days. One objection to this appears to be the 
difficulty, when working on a large scale, of exactly regulating the temperature, 
with the consequent possibility that some of the stuff might be much worse after 
heating than before. However, it is quite possible that some of these experi- 
ments might have been worked out into practical shape, had not the method of 
rough separation of the pyrites from the battery pulp by spitzlutten given such 
good results, that for the time being it has superseded all other methods on 
nearly all the mines of the Rand. The treatment given to the product so 
obtained has already been described. 


* Proc. Chem. and Met. Soc. of S. Africa, vol. i. p. 98 et seq. 


CHAPTER XXIX. 
SLIMES. 


MucH has been done since Graham made his classic researches on the 
properties of fine solid particles held in suspension in liquids. That eminent 
scientist distinguished and classified substances that exhibit little or no 
chemical affinity, and apparently dissolve in solutions without any limit, which 
do not crystallise, and show little or no tendency to diffuse or subside, while in 
many cases they pass through animal membranes. He called these substances 
colloids. They are known to coagulate and settle on the addition of electrolytes, 
and form simple suspensions or heterogeneous mixtures. Since Graham’s time 
it has been proved that colloids and fine sand or slime in water have many 
common properties ; and in absence of proof that colloids are solutions, it is 
probably better to follow the more modern investigators, and treat the so-called 
colloid solutions as simple suspensions of finely divided insoluble substances. 

Cause of Slimes not Settling.—Fine solid particles suspended in water ex- 
hibit a number of properties which force us to recognise that the particles are 
charged electrostatically, and when small enough are capable of repelling each 
other to such an extent as to counterbalance the action of gravity, becoming 
uniformly distributed throughout the liquid, and thus are prevented from 
settling. There are other causes of less importance which need not be gone 
into here. 

The Settling of Slimes.—It has long been known that silica, clay, and 
other finely divided suspensions in water are readily caused to settle or 
coagulate on the addition of an electrolyte, the most active electrolytes being 
acids and salts of the heavy metals, even when in extremely dilute solutions. 
Lime water, for example, precipitates clay suspensions, although only | part of 
lime is dissolved in 500 parts of water. 

The quantitative precipitation of slimes by electrolytes has been investigated 
by Linder and Picton, Schultze, Hardy and others, who have come to the con- 
clusion that the coagulating power depends almost wholly on the valency of 
the positive ion, having practically the same value for any positive ion of the 
same valency, irrespective of the nature of the negative ion. If we put the 
value of a univalent positive ion at 1, a bivalent ion would be about 30 to 40, 
and a trivalent ion 500 to 1000. One part of a ferrous salt will completely 
clear 2000 parts of slimy water, while one part of a ferric salt is sufficient for 
60,000 parts of the same water. One part of lime will clear from 1500 to 1800 
parts of water, and magnesia has about the same value, but is much slower in 


its action. 
203 


204 CYANIDING GOLD AND SILVER ORES. 


Why Electrolytes cause Slimes to Settle.—Recent investigators have put 
forward the theory that the suspended particles carry statical charges, being 
either positive or negative, and repel each other, as already stated. The addi- 
tion of a salt capable of dissociating produce ions, which it is assumed are 
negatively and positively charged, that neutralise the static charges on the 
slime particles. The slime particles are all positively or all negatively charged 
with respect to the water, but on the addition of an electrolyte, ions are 
introduced that carry both positive and negative charges, and these have the 
effect of neutralising the action of the static charges on the slime particles. 
Thus the positive ions make the slime particles less negative and the negative 
ions make the solution less positive, or vice versd, until the state is reached that 
the slime particles no longer repel each other, but become free to be carried 
down by gravity, or, as we say, subside or settle. 

Spring * and Van Bemmelen t+ have made some interesting investigations 
on this subject, which led them to believe that they proved to some extent the 
existence of static charges on silica, bone black, and precipitated colloids. 


TREATMENT OF SLIMES. 


Several definitions of ‘slime’ have been suggested from time to time, but 
it is not easy to find a really satisfactory one. The conception of slimes as 
regards their treatment by cyanide depends chiefly upon their physical 
properties ; therefore the term ‘slime’ may be sufficiently defined for our 
present purpose by saying that it includes all that part of a crushed material 
which, after being mixed with water and allowed to settle for forty-eight hours, 
retains at least 40 per cent. of moisture and exhibits plastic qualities. 

The composition of slimes varies very considerably, according to the 
nature of the ore from which they are produced. The following analyses by 
Dr Loevy,{ of Johannesburg, will show the kind of material which is being 
successfully dealt with on the Rand. Sample A was from the Jubilee and 
Salisbury mine, B from the Meyer and Charlton, and C from the City and 
Suburban. 


A. B. C, 
SiO, . : . ~ (2°15. 2. eI ee een 
Al,0. : : . 16°47'-..5. 34708 Se ee 
Fe,0, : d . (4542. (2. 2:5 eee 
MgO, -. «> .2) 1:26: 4. = 14S 
Ca,(P.0;), . ° 2 Orde se 
S (total) . : - OO ey aS 
PO. us : ; 2 OORT 5 ya Orie 
Alkalies . : sO Dicer eek OO 
H.0 (combined) sa pont 2 semaeae 


From these figures he calculates that the probable ratio between silica and 
clay is 51 to 35. 

* Rec. trav. chim. Pays-Bas, xix. 204, 1900. 

t+ Ztschr. anorg. Chim., xxiii. 321, 1900. 

~ Jour. Chem. and Met, Soc, of S. Africa, vol, ii. No. 5, p. 80, 
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The quantity of slime produced depends upon the nature of the material 
crushed, the method of crushing, and the size of screen used. ‘'Talcose ores 
naturally give the greatest proportion of slime relatively to the amount of 
sand, and crystalline quartz probably the least amount. In a previous chapter 
we have seen that anything which retards the delivery of the crushed ore from 
the crushing machine, tends to increase the proportion of slime produced. The 
following examples show the results obtained with several screens of different 
mesh when crushing Rand banket. 

At the Langlaagte Royal mine*— 


With 1200 holes per square inch, 22°8 per cent. of slime. 
99 900 9? 99 2) Lic0 oe) 2) 
9? 750 99 39 9) 14°3 3? re) 


See also Crushing to Cyanide, page 40. 
Table XLIII. shows the variations in the amount of slime treated relatively 
to the sand at some of the leading mines on the Witwatersrand. 


Taste XLIII.—Proportion of Sand and Slime treated on the Witwatersrand 
from official returns for September 1902. 


Sand. Slime. 
Name of Mine. Beet 
Tons. Percent. | Tons. Per cent. 
City and Suburban, . A 8,450 6,577 77°8 1.873 22°2 
Crown Reef, . ; : : 138, 624 10,676 78°4 2,808 20°6 
Crown Deep, : PioD 7,620 67°7 8,234 2827 
Durban Roodepoort Deep, ‘ 6,770 4,940 73°0 B721 25°4 
Ferreira Deep, _.. : 4,972 3,600 72°4 1,340 27°0 
Geldenhuis Estate, : ; 8,875 6,884 77°6 2,565 28°9 
Geldenhuis Deep, . ° 2 17,440 11,790 67°6 4,382 25) 
Guisberg, . : ‘ 6,951 5,000 71°9 1,600 23 0 
Jumpers Deep, . Fi : 9,224 6.515 70°6 2,985 32°4 
Langlaagte Deep, . : : 11,341 8,838 19 2,180 19°2 
Nourse Deep, ; : : 7,076 4,867 64°2 2,156 28°5 
New Primrose, . : : 11,484 8,102 70°6 ya Bg 23 °7 
Robinson Deep, . : : 11,306 6,512 57°6 3,701 32°7 
Simmer and Jack, : ; 18,125 14,181 78 2 4,091 22°6 
Village Main Reef, A : 11,570 9,075 78°4 2,830 24°5 


Note.—The small but obvious discrepancies between tons milled and tons treated are due 
to the difficulty of obtaining complete accuracy of measurement. 


As with sand, so with slime, there are three usual conditions in which it 
presents itself for treatment :— 
1st. Accumulated in dams. 
2nd. In battery water, after the elimination of all the sands by the methods 
previously described. 
3rd. In a dry state, as separated from sand by blowing apparatus. 
* §. African Min. Jour., Apr. 6, 1895. 
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In the early days of the cyanide process some slimes were treated by 
making them up into bricks which were burnt and crushed. The burning 
destroys the plasticity, and the crushed bricks are therefore leachable, but the 
method proved costly. The treatment of slime by mixing with sand has been 
referred to previously. 

Nowadays, the gold is always dissolved by agitation with cyanide solution, 
and it is then extracted either by successive washings and decantations or by 
the use of filter presses. 

We shall first deal with the collection of slime from battery water by sub- 
sidence ; secondly, with the methods of dissolving gold by agitation ; thirdly, 
with the question of the separation of the gold-bearing solution from the slime ; 
and lastly, with the various practical applications in different mining districts. 

Decantation from Slimes.—When ore is in such a fine state of division 
that the solution will not percolate through it by gravity, or only very slowly, 
it is often found advisable to treat it by agitating in the cyanide solution, and 
then, by virtue of the difference of specific gravities, the slimy particles may be 
allowed to settle, while the (lighter) solution containing the precious metals 
dissolved, may be syphoned or drawn off in a more or less clear state. Any- 
thing like a complete separation of the solution is not possible by this method, 
as much remains behind in the settled slimes. The slimes may be again 
agitated with fresh solution or water, and again settled and the clear liquid 
drawn off, but it is obvious that in practice this treatment must be limited, on 
account of an unwieldy quantity of solution accumulating, and the cost. The 
difficulty may be got over to some extent, by causing the slimes to coagulate 
and settle into the smallest possible bulk within a given time. This is done 
by the addition of a suitable electrolyte in a suitable quantity. 

Physical character of Settled Slimes.—While much has been written on 
the coagulation of suspensions, little or nothing has been done in the study 
of their physical condition after settling by the various electrolytes. This isa 
matter of the utmost importance in the cyanide process where decantation is 
resorted to. We have made some investigations on this subject, and find that 
the settled slimes vary in bulk, and in the readiness to again become sus- 
pended in the solution, with the electrolyte used. The slimes of different ores 
also vary with the same electrolyte. 

The choice of electrolytes capable of being employed in the cyanide process 
is limited, as they should meet the following conditions :— 3 

1. Be inexpensive. 

2. Have little or no detrimental chemical action on the cyanide, nor react 
with the slimes. 

3. Should carry the slimes down to as smail a bulk as possible within a 
reasonable time. 

4, Should carry down as little free cyanide as possible. 

5. Should not precipitate the dissolved gold or silver. 

The quantity of the electrolyte used seems to have great influence on the 
bulk after settling, and there is a percentage of each substance that has a 
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maximum value, beyond which its action is detrimental. This maximum is 
generally a small quantity, but varies with the ore and the electrolyte used. 
The following experiment illustrates this effect. 

Two cylinders were charged with the same mixture and equal quantities 
of slime in cyanide solution (1 of slime to 3 of solution). To one charge was 
added 1 grm. of caustic lime and to the other 1 grm. of chalk, equal to 1 Ib. 
per ton dry slime. In four hours the charge containing chalk had settled 14 
inches, while the charge containing the lime had settled only 3 inch; thus 
showing that the chalk was nearly twice as effective as lime. The solution 
containing lime was, however, perfectly clear, while that containing chalk was 
slightly cloudy. In twenty-four hours the chalk settled the slime 53 inches 
and the lime only 3? inches. In forty-eight hours the chalk settled the slime 
6 inches and the lime 4 inches. 

Two grams of lime and two grams of chalk were next added to their 
respective cylinders and well shaken. In eight hours the cylinder containing 
chalk had subsided 2 inch and lime ? inch. In forty-eight hours that con- 
taining chalk subsided 12 inches, and that containing lime 12 inches; thus 
showing how detrimental is the action of an excess of the coagulant. On ex- 
amining the physical character of the settled slimes, it was observed that the 
slime coagulated with lime was very easily disturbed, and appeared to be 
somewhat loose and flocculent when compared with that coagulated with chalk. 
The particles in the latter case had assumed a more granular form, and when 
disturbed again settled readily, thus being more favourable for separation of 
the solution by decantation. At the end of a week the cyanide solution con- 
taining lime was 0°09 per cent. and quite clear, while in the case of chalk it 
was only 0°03 per cent. and amber-tinted, showing that the lime was the 

better protector. The CO, ions, which are introduced by the chalk, are known 
to facilitate hydrolytic action in the cyanide solution and produce compounds 
that give it an amber tint. 

The cubic contents of the slimes settled in a given time have been 
observed to be dependent on the valency of the positive ion of the electrolyte, 
on the quantity of the electrolyte used up to a maximum, and on the 
temperature. The value of hydrates for this purpose has been found to be 
generally less than other salts of the same metal. It is noteworthy, from a 
practical point of view, that within ordinary working limits the cubic contents 
of settled slimes is independent of the depth of the column, although the 
time of settling is often said to be inversely as the square of the depth. In 
practice a moderately deep column is preferred, as it allows a larger amount 
of clear liquid to be drawn off without disturbing the settled slimes. 

The temperature effects have also been observed, and it was found that at 
about freezing point the settling is very slow, while of course at boiling point 
it cannot settle at all. Between these two limits there is a point that gives a 
minimum time of settling and a minimum bulk in a given time, but for 
practical purposes it is not advisable to exceed 130° F. It may be taken, in a 
general way, that the higher the temperature the more readily do slimes 
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settle. After boiling and allowing to cool, slimes settle rapidly, especially on 
the addition of a suitable coagulant. 

A number of electrolytes were examined by various authorities for their 
efficiency in settling slimes, of which the following is a resumé. 

Settlement of finely divided Solids suspended in Water.—It has been 
known for many years that the capacity of water for holding matter in 
suspension is more or less destroyed by the addition of certain acids, salts, and 
alkalies. 

In 1868 Wim. Skey * published the following results of experiments on the 
precipitation, by neutral salts, of clay suspended in water. 

(a) A strong solution of the chloride of sodium, ammonium, calcium, 
magnesium or barium, or of sulphate of soda, causes an immediate aggregation 
of the particles, and their complete precipitation shortly afterwards. 

(5) “The volume of clayey water clarified by one grain of certain of the 
above named salts in 24 hours is approximately as follows” T :— 


Proportion. Per cent. 
1 grain common salt clarifies 5 ozs. = 1 part in 2,187°5 ... 0°046 
1 4, sodium sulphate 5, 055) le bi pin Ga 
L- 3) sbarium-chloride~ {x 10> eee . 4,375  ... 0°023 
Te tiie 5 siuek Onn ee > . 6,562°b> Tere 
1 ,, sulphuric acid Rabe ss) ae A Frehs  R 


(c) “The quantity of clayey matter present appears of secondary im- 
portance, complete precipitation having nearer relation to the degree of 
dilution allowed to the salt employed.” 

This last statement is a very important one to remember in connection 
with slime treatment. 

In 1874 Dr Sterry Hunt { found that the clay suspended in Mississippi 
water took from 10 to 14 days to settle, but that the addition of sea water, or 
of salt, magnesium sulphate, alum, or sulphuric acid reduced the time 
required for clarification to about 12 or 18 hours. 

In the same year Wm. Durham, F.R.S.E., published some experimental 
results,§ and arrived at the following conclusions :— 

(dz) In solutions of sulphuric acid and sodium chloride the liquid cleared 
“in the order of the specific gravities of the solutions, so that the densest 
liquid settled and cleared last.” This effect was more decided with acid than 
with salt. 

(e) The suspending power of water was “yradually increased by the 
addition of small quantities of the alkalies or their carbonates, or lime. Thus 
water having 3 grains of sodium carbonate in it” (in about a pint) “ was quite 
opaque for three days, while water only was seen through in a day and a half.” 
“In sodium carbonate solutions, and most probably in all alkaline solutions,” 

* “*Coagulation and Precipitation of Clay by neutral Salts generally,” Chem. News, xvii. 
». 160. 

t We have added the last two columns from Skey’s figures, 


t Chem. News, xxx. p. 97. 
§ Tbid., po 57: 


SLIMES. 209 


the greater part of the clay sank to the bottom, and the liquid cleared “in 
the inverse order of the specific gravities, so that the densest liquid settled 
and cleared first.” 

That is to say, with acids, small quantities give the best results, and with 
alkalies, larger quantities produce quicker settlement. There is, however, an 
upper limit, beyond which a further increase in the quantity of alkali gives no 
better or quicker settlement. 

Table XLIV. gives some quantitative results of Durham’s experiments with 
suspended clay, to which we have added the last two columns. 


Taste XLIV. 


Time of 
clearing. Density. | One Partin | Per cent. 
Hours. | 
Water only . ; ‘ é 36 1000 
», with 2 drops of H,SO, . 0°5 1000 a wis 
Powitn HoSO. : : 1°5 1024 ee 2°34 
ti 5 1048 4°58 
ae i 10 1093 ny 8°51 
ete CC, 36 1440 Me: 30°56 
Water with 1 grain Na,CO, . 96 oe 8750 0011 
Pee 12D, “oo 112 oe 1750 0:057 
Sp a re on 93 - 972 0°103 
a ee he 46 a 437 °5 0-228 
ee S0Ls ae 22 a 292 0-342 
Paes 5900 at: ri Fe 43°75 2°235 


The jars used in these experiments held about a pint of water. The same 
general results were obtained also with finely powdered silica, which, however, 
in all cases settled more rapidly than clay. 

In 1878* Durham published the following additional facts (amongst others) 
relating to the same subject. 

(f) “Clay in strong H,SO, was suspended nearly as long as in water, but 
on mixing the liquids the precipitation of the clay was greatly accelerated.” 
Both Skey and Durham conclude that suspension of clay in water is due to a 
weak chemical affinity between them, which is overcome by the stronger 
affinity of water for the acids, salts, and alkalies. These views are, however, 
gradually giving place to the electro-chemical explanation referred to on 
page 204, 

From a most interesting paper by M. J. Thoulet,+ published in 1891, we 
extract the following results of a few of his many careful experiments, which 
were made with very fine kaolin in a graduated glass tube, placed in a 
d’Arsonval stove to ensure constant temperature during each settlement. 
The depth of clear liquid measured from the top was read off from time to 
time, as a measure of the subsidence. 


* Chem, News, xxxvii. p. 47. 
t+ Annales des Mines, vol. xix. p. 1. 
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(7) His first experiments show that in vessels of considerable size and 
depth, the rate of subsidence during the first part of the descent is almost 
constant, and that the retardation that becomes measurable later is a 
function of the depth, measured from the top of the still turbid portion of the 
liquid to the bottom of the vessel. This agrees with the fact that in cyanide 
practice the settlement of slime in a vat is much slower when nearly complete, 
than it is at the beginning of the operation. 

(hk) Table XLY. shows that the rate of settlement increases with the 
temperature. 


TABLE XLV. 
'Tomparatite Observed Fal] | Fall averaged 
an Sei C in 80 hours. from plotted Difference. 
sr ‘ In millimetres. Curve. 
52 24°25 23°50 _ 0°75 
55°5 25°00 26°25 4.195 
56°5 27°00 27°00 0:00 
66°5 34-00 35°25 1°95 


The plotted curve referred to is given in the original paper, and is a straight 
line which cuts the horizontal axis at 23°, and thereby suggests that possibly 
at that temperature the clay would remain indefinitely in suspension. 

(z) In experiments with HCl as a precipitant, Thoulet found that the rate 
of fall increased nearly in proportion to the quantity of acid used, a result 
which appears to be directly contrary to those of Durham with H,SO,. 
Thoulet does not give the exact proportion of acid, but it appears to have 
been 5 c.c., 10 c.c., and 15 ¢c.c. pure HCl in three experiments respectively to 
less than 70 c.c. of turbid water in each case. 

(k) Experiments with variations in the amount of kaolin showed that an 
increase of suspended matter causes a decrease in the rate of subsidence up 
to a certain limiting quantity, not stated, beyond which the rate of subsidence 
is independent of the quantity of solids in suspension. 

(7) Experiments with increasing quantities of sea water added to the clayey 
water showed an increased rate of subsidence up to 10 per cent. of sea water. 
This mixture had a specific gravity of 100253, and produced an immediate 
clarification equal to that effected by sea water alone. 

Alum has been in use for some time as a coagulant, to settle gold slimes 
in the clean-up from the zinc boxes, and it has been proposed for settling 
battery slimes. 

Soap as a coagulant was proposed by Sulman and Teed, but has not been 
adopted, principally on account of expense. 

It is clear from the foregoing that different substances have different 
coagulating powers, and the problem at once presents itself, to find what is the 
relative coagulating power of the different electrolytes. 
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We have investigated the effect of a number of substances, which we give 
in Table XLVI. The figures represent the relative weights required to 
produce the same coagulating effect, 7.e. the relative efficiency of the 
electrolyte. | 


TasLeE XLVI. 


Relative 

Substance, efficiency. 
Aluminium sulphate, . : : 100 
Alum (potash), . ; : : 143 
Ferric iron, . ; , : : 223 
Alum (ammonium), . : a 252 
Pee aliLwCurom aiTon) * . : 295 
Lime, . ; ; 3 ; : 654 
Magnesia, . ; 3 ; : 748 
Alum (pot. chrom.), . : : 858 
Calcium chloride, : , ; 1,095 
rs carbonate, . : : 1,215 

es sulphate, : ; ; 2,870 
Magnesium sulphate, . : : 3, 460 
Sodium chloride, : ; : 45,900 
», sulphate, : : : 61,700 


When the cost of each of these substances is known, it will be an easy 
matter to determine which is the most economical to employ. 

At the present time, lime may be said to hold the field at the chief gold- 
mining centres, as the cheapest and most efficient settling agent. It is usually 
added to the pulp outflowing from the sand settling tanks, in the launder that 
leads to a very large spitzkasten, which is provided for the separation of the 
slime. With the use of slime, if this spitzkasten is properly proportioned, 
practically the whole of the lime is contained in the underflow in about 12 to 
15 times its own weight of water, while the remaining water overflowing from 
the top of the spitzkasten is completely clarified, and may be at once returned 
to the battery. For sizes of slime spitzkasten and their construction see 
Chapter XLI. 

Secondary uses of Lime as a Coagulant.—The main objects of the use of 
lime as a coagulant are to obtain the slimes quickly in their treatment vats, 
to avoid the partial oxidation which results from collection in large dams, to 
save the cost of re-handling, and to clarify the water for immediate use again. 
But in addition to these, the following indirect advantages resulting from its 
use have been pointed out by J. R. Williams.* 

(1) A larger percentage of gold is caught by amalgamation, because the 
lime in the battery water, by coagulating the slimes, causes these extremely 
fine particles of ore to come into contact with the plates. 

(2) Less time is required in treatment of the sands, because they are com- 


* Jour. Chem. and Met. Soc. of S. Africa, vol. ii. p. 87. 
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pletely neutralised by the lime water with which they are crushed and trans- 
ported to their vats. 

(3) An actual saving of water, which is otherwise lost by evaporation in 
the slime dams. 

To these we may add in many cases— 

(4) A saving of the cost otherwise incurred for pumping water back to the 
battery from the main water dam, which is usually of necessity much lower 
than the slime plant. 

The first of the above statements has been seriously questioned, but it is 
supported by the following figures :— 


Taste XLVII. 


Percentage of total Gold 


caught by Amalgamation. Value of Slimes in dwts. 


Name of Mine. 


Without Lime. | With Lime. | Without Lime. | With Lime. 
Geldenhuis Deep, + 49°63 54°53 4°21 2°93 
Treasury, . : : é 55°60 61°50 4°01 2°55 
Crown Reef, : : j 50°01 57°81 6°16 4°50 


Bonanza, . : : 5 55-71 59°81 8:00 5°75 


The reduction in the value of slimes resulting from the use of lime is of 
great importance when the building of a slimes plant is contemplated, for it is 
evident that a knowledge of the assay value of the slimes, obtained without 
lime, is not a safe basis for the calculation of the economic results of such a 
proposed plant. It is therefore necessary to ascertain by the experimental 
use of lime in the mill water, in cases where it is not already employed, 
whether the slimes under the new conditions will be rich enough to pay for 
treatment. 

The use of lime is also said to increase the quantity of sand caught in the 
tailings vats, by an amount variously estimated by different authorities, at 
from 2 to 5 per cent., and also to render the sands more leachable. 

The quantity of lime found necessary for the complete clarification of the 
battery water when the process first starts may be very considerable, and the 
regular consumption after a circulation of neutralised water has been 
established will vary with the acidity of the ore and other factors, so that no 
exact quantities can be given. On the Rand, however, the quantity of lime 
used per ton of water passing the spitzkasten is generally between 0-1 and 0-2 
pounds. As the quantity of slime also varies relatively to the water, the con- 
sumption of lime in current work may vary at different places, say, from 3 to 
9 lbs. per ton of dry slime treated. 
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Feeding the Lime.—As the lime, for economical reasons, should always be 
ground before use, a small ball mill may be arranged, not only to do the 
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Fics. 46, 47, 48. —Tavener’s Automatic Lime Feeder, as used at the Bonanza Mine, Johannesburg, 


grinding, but also to deliver its product into the launder conveying the slime 
and water. By regulating the speed of the mill, the rate of delivery can be 
easily adjusted. But the mill, of course, requires regular and frequent feeding 


by hand. 
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An automatic apparatus for lime feeding, which only requires filling up at 
long intervals, has been designed by P. S. Tavener, and is illustrated in figs. 
46, 47, 48. This machine has a wedge-shaped hopper @ which is filled with 
powdered lime. The hopper has inside it two helical threads 66, at the 
bottom (on separate shafts gg,), which push the lime from each side towards a 
central discharge hole c. This hole and the inner ends of the threads are 
covered by the block d and the inclined boards ee, so that by adjusting the 
position of these boards on the block the supply of lime to the threads 06, 
can be roughly regulated. Ratchet wheels //, are fixed to the shafts gg, and 
are actuated by pawls hh, attached to a rocking frame j, which is loosely 
centred on the projecting ends of the shafts gg,. A water box k is attached 
to one end of the rocking frame, and a counterweight / at the other end. 
The action of the apparatus is as follows, assuming that the rocking frame is 
in the position shown by full lines in fig. 46. 

A small stream of water falls into the opening /, of the water box, which, 
when sufficiently full, falls down on to the tray m as shown at k,, thus moving 
the rocking frame into the position shown by dotted lines. During this 
motion the pawl h, pushes round ratchet wheel /,, the shaft g,, and thread ,. 
The water in the box & escapes through opening /, into tray m, and thence 
through hole m, into the lime water launder ». When the box & is empty 
the counterweight brings back the rocking frame to its first position, and 
during this movement wheel f, shaft g, and thread } are actuated. Thus at 
each movement of the rocking frame a small quantity of lime is fed towards 
the discharge opening ¢ and falls into the launder », whence it is washed into 
the slime launder at any convenient point by the water which is used to work 
the apparatus. 

The block o on the water box and the bar p at the other end of the frame 
alternately strike the rod q at the end of each movement, and this rod is 
attached to the two inclined sides 77, of the lime hopper, which are hinged so 
as to be capable of a limited motion. The movement of these hinged sides 
each time the rod is struck prevents the lime from packing, and shakes it 
down to the openings at the lower edges of the inclined boards ee over the 
outer ends of the threads 6),. Thus the action of the apparatus is entirely 
automatic, and it has proved quite successful in practice. The feed can be 
further regulated by altering the supply of water to box &, or by altering the 
size of its outlet at the narrow end. : 


CHAPTER XXX. 
DISSOLVING THE GOLD AND SILVER IN SLIMES. 


As only the finest gold and silver particles originally present in the ore can 
escape from the battery plates and sand-collecting apparatus, it would seem at 
first sight that the problem of dissolving these metals from slime was a very 
simple one. But there are two important points of difficulty that were dis- 
covered only when treatment had been carried out on a large scale. These 
difficulties were ably discussed by Chas. Butters in his valedictory address to 
the Chemical and Metallurgical Society of South Africa* when describing the 
development of the slime process. 

The Effect of Viscosity of Pulp.—The first trouble is chiefly a mechanical 
one, of which Butters says :—‘‘ One important point in the solution of the gold 
was not really understood until we had been working on a large scale for a 
long time ; that is, the concentration of the slimes in the liquid, or in other 
words, the thickness of the pulp. A ton of liquid which is agitated with halt 
a ton of slimes forms a smooth viscous pulp, in which, if you suspend a can 
of cyanide (which dissolves readily in water), the lumps of cyanide remain for 
several hours undissolved. In other words, the thick pulp will not readily 
dissolve even so soluble a substance as cyanide, while if you thin the pulp to 
four or five tons of liquid to one of slime, soluble substances will dissolve very 
rapidly.” The above analogy to the solubility of gold is perhaps not quite an 
accurate one, but it forcibly presents to the practical mind the effect of thick 
pulp in diminishing dissolving power of a solvent. 

We have made some determinations on the solubility of gold in a KCy 
solution containing slime in different ratios, to show the effect due to viscosity. 
These results are given in Table XLVIII. and are plotted in fig. 49. 


TaBLE XLVIILII. 


Ratio of Solution to Rate of Dissolution 
1 of Slime by weight. of the Gold. 


KCy Sol. alone. 100 
58°6 
56 
52°4 
47°3 

Db 44°3 
40 

5 34°2 
20 


Me bb & POL 


* Society’s Jour., vol. ii. p. 5, Feb. 1898 
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The strength of the solution in each case was 0°11 per cent. KCy. The 
slime was free from organic matter and soluble sulphides, so that the loss in 
solubility of the gold with increase in thickness of pulp may be considered to 
be chiefly due to increased viscosity. 

The reason of increased viscosity reducing the solubility would appear to 
be largely due to a retarding influence on the movements of the K and Cy 
ions. Agitation by stirrers diminishes this influence but little when the pulp 
is thick, as the mass tends to move as a solid whole rather than to diffuse. 
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Fic. 49.—The Effect of Viscosity of Pulp on Dissolution of the Gold. 


Another source of loss in dissolving power is that the action of the fine 
solid particles is to dissociate the KCy molecules and adsorb the potassium, 
leaving the cyanogen free to combine with water. Now, cyanogen is not a 
solvent for gold, and when it combines with water it forms HCy and HCy0. 
The former has but a slight action on gold, and the latter less. When excess 
of alkali is present we get KCy and KCy0O, and this accounts to some extent 
for the fact that, when dissolving gold from slimes, a pure cyanide solution 
without the addition of alkali or an alkali earth always shows a poorer ex- 
traction. 
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The Uses of Oxygen in Thick Pulp.—tThe second difficulty is chiefly a 
chemical one, due to the presence of substances capable of combining with 
absorbed oxygen. 

In fresh slimes we have only to deal with the usual products of partly 
decomposed minerals, but slimes being in a very minute state of subdivision, 
are much more acted on than the same weight of the same substance in a 
coarser condition, as found in sands. On the other hand, old slimes which 
have been lying for a considerable period, sometimes many years, in contact 
with surface water, and often overgrown with vegetation, contain quantities of 
organic matter that act as reducing agents, and combine with the absorbed 
oxygen in the solution. Further, it has been pointed out by Caldercott * that 
slimes lying in dams containing pyrites undergo a partial decomposition, with 
formation of ferrous sulphide (FeS), sulphurous acid (SO,), and sulphuretted 
hydrogen (H,S), all of which act as reducers and rob the solution of absorbed 
oxygen. 

Butters 7 says six to twelve hours’ agitation is sufficient to dissolve the gold 
in fresh slimes, whereas forty-eight hours with accumulated slimes failed to do 
so. This is undoubtedly owing to want of oxygen, which becomes used up in 
oxidising reducing agents. Therefore, in treating old slimes, an effective 
supply of oxygen by aeration or other means is an imperative necessity, and 
in the treatment of all slimes its value can hardly be overrated. 

When oxygen is introduced into the pulp, its use is first to oxidise any 
reducing matter, such as soluble sulphides and organic matter, and as this is 
effected, the dissolution of the gold and silver takes place. When all the 
reducers are completely oxidised, the time required to dissolve the gold in true 
slime is very short, often less than an hour, provided oxygen is supplied as 
wanted. Owing to this, strong oxidisers may beneficially be added to the 
pulp, as the gold dissolves completely before they have lost the whole of their 
oxidising power, whereas if strong oxidisers are applied to coarse particles, 
the time that they are effective is only a fraction of the whole time required 
to dissolve the gold. 

Velocity of the Reaction.— When an energetic oxidiser is added to a dense 
solution, the velocity of the reaction is slower than when added to a dilute 
solution. Thus, when a strong oxidiser is added to an ordinary clear cyanide 
solution, the velocity of the reaction may be so rapid that its oxidising effect 
is many times as fast as demanded by the dissolving metal, and therefore 
waste goes on, but when the same oxidiser is added to slime pulp, the velocity 
of the reaction is enormously reduced, so that we may then have the oxidising 
effect produced at a rate which approximates to that required to dissolve the 
metal. 

The Oxidation or Aeration of the Pulp.—Some operators have found it 
an advantage, when dealing with accumulated slimes, to first add to the pulp 
a considerable quantity of a strong oxidiser, and then run in the cyanide 


* S. African Mining Jour., Oct. 23, 1897. 
+ Jour. Chem. and Met, Soc. S. Africa, vol. ii. p. 5, 1898. 
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solution. Others have done the oxidising by blowing air through the pulp. 
Various mechanical means for the aeration of the pulp have been used, and we 
shall now give a short account of these. 

One of the first methods was to force air into the pulp by means of a 
compressor, through a perforated pipe fixed at the bottom of the vat. This 
was done before and after the addition of the cyanide to the pulp, and has 
been worked on a large scale, but was superseded by a cheaper means of 
aeration introduced by H. T. Durant,* namely, the introduction of air into 
the centrifugal pumps, used to circulate and transfer the slime pulp. He 
placed a valve in the suction pipe of the pump, and between this valve and 
the pump inlet he fixed a small air inlet valve. By partially closing the main 
valve the supply of pulp is restricted to less than the full capacity of the 
pump, and consequently the latter draws in a small but regular supply of air. 
This method should, of course, only be applied to a pump fixed below the level 
of the pulp supply, otherwise the air would interfere with the action of the 
pump. 

At the present time the Rand Central Ore Reduction Company have given 
up the above method, and force a small quantity of air at low pressure into 
the pulp delivery pipe immediately above the centrifugal pump, in order to 
avoid the loss of efficiency of the latter caused by admitting air to the suction 
pipe. But none of the above methods has proved entirely satisfactory. 


* Jour. Chem, and Met. Soc. 8. Africa, vol. ii. p. 59. 


CHAPTER XXXI. 
THEORY OF EXTRACTION BY SUCCESSIVE WASHINGS. 


In this section we shall endeavour to demonstrate a few general rules which 
apply not only to decantation treatment, but to filter-press washing, and also 
to intermittent leaching in vats when they are drained to an equal degree 
alter the application of each successive solution. . In our reasoning, we shall, 
for brevity, speak only of the treatment of slimes by decantation. 

As the actual weight of dry slime treated is the most convenient standard 
with which the quantities of solution can be compared, we shall take the 
amount of dry slime as equal to unity. 

Then let s = total amount of liquor dealt with, including any water present 
in the slime before treatment. 

Let m = amount of liquor retained by the slime after each decantation. 

We shall further assume that all the available gold is dissolved during the 
first agitation, and henceforward we need only consider this dissolved gold, 
because the sole object of the subsequent operations is merely to separate as 
much as possible of this from the slime. It is evident, in the first place, that 
the fraction of this total dissolved gold which is extracted at each operation, is 
equal to the fraction of the liquor which is drawn off. 

Thus, when the whole solution is assumed to be all applied at one time, so 
that there will be only one decantation, the fraction of gold extracted will 
be 


ys ec ee mn a al et Gt 
Ss 


It may be noted here that if the slimes are quite dry when first placed in 
the vat, the total solution added to them is equal to s, but if the slimes have 
been settled by water in the vat, and the clear water drawn off before the treat- 
ment begins, they will then contain m volumes of water, and consequently the 
solution to be added to wet slimes will be s—m volumes only. In either case 
the above expression is true, as we are assuming, for the sake of simplicity, 
that each solution or wash used contains no gold when applied to the 
slimes. 

We may now examine the case where only part of the total solution is 
applied at first, and the remainder in one or more successive portions. 

Let a, b, c,.... 2 denote the respective quantities of liquor drawn 
off at each operation ; then the quantity of liquor present in the vat before 


each decantation will be a+m, b+m,c+m,..... l+m respectively. 
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At the first decantation, the fraction of liquor drawn off, and consequently 
the fraction of gold extracted, is 


g eer 
a+tnr 


and the gold remaining in the vat is 


— a = uss ° . e . . e (3) 
atm atm 


At the second decantation we shall extract of the gold then present the 
fraction 
PENS: 
b+m’ 
therefore the fraction of total gold which is obtained by this second decanta- 
tion is 
Ba Prise bm ; eH) 
atm b+m (a+m)(b+m) 


and the fraction of total gold which remains in the vat will be 


“ee bm y m? (5) 
atm (at+myb+m) (a+m)(b+m) ; 


Proceeding in the same way, the fraction extracted at the third decanta- 
tion is 
cm? 


Es Re pen “ 6 
| (a+m)(b+m)(c+m) (6) 
and the fraction remaining in the slime is 
3 
— Meg 


| (a+m)(b+m)(¢e+m) 


Finally, if 7 is the quantity of liquor drawn off at the last operation, and 
there are m decantations altogether, we can put down general expressions for 
both quantities thus :— 

The fraction extracted by the nth decantation is 


lmn-1 


(at+m)(b+m)(e+m)..... (24+m) (8) 
and fraction of total dissolved gold left in the residues is 
mr (9) 
(at+mjb+m\(e+m)...... (t+m) 


From the above expressions the total extraction can be calculated in two 
ways, either by adding together the separate extractions, namely (2), (4), (6), 
eral oo: (8), or by subtracting the residual gold in (9) from unity. Adopting 
the latter method, we get for the total extraction after the mth decantation, 
which we may call E, the following expression :— 


Rattle + mot m) one a ee (+m) -—m" 


(a+mjb+m)(c+m)...... (d+) (10) 


Now, it is evident that as a, 0, c, etc. are positive quantities, the expression 
(a+m)(b+m)(e+m)..... (+m) is always greater than m”, and that 
therefore the maximum value of E is coincident with the maximum value of 
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that expression. But the sum of these factors is equal to s— m+ mn, which in 
any given case is a constant quantity. Consequently (a+m)(b+m)(c +m) 
ee (J+ m) has its maximum value when all its factors are equal, and we 
arrive at one useful practical result, viz—With any quantity of solution and 
any number of decantations, the maximum extraction is obtained when equal 
quantities of solution are decanted at each operation. 

With equal decantations let g=the quantity of liquor drawn off at each 


operation, then 
_s-m 
n 


and therefore in this case equation (10) becomes 


za (FS +m J" — mr 
Bag) -m" m 5 eS ee eee 


Cee (= +m } 
n 


From this the total theoretical extraction can be calculated for any given 
values of g, m, and , or of s, m, and n. 


And again, because s= i” +m is necessarily greater than m, it follows that 
S Y8 


with a fixed value of s and increasing values of n, the value of E will continually 
increase, always approaching, but never reaching, unity. Therefore a given 
total quantity of liquor will give the highest extraction when divided into the 
largest practicable number of separate washes. 

By careful settlement and decantation in the laboratory, using sufficient 
lime, the moisture remaining can be reduced to about 30 per cent. of the pulp 
remaining in the vat, which gives the value, m=0:43; but in practice it is 
very generally found that after decantation the remaining mass contains 50 
per cent. of water. In this case m=1, and from equation (11) we get 


, oe) za | 
(q+1)"—1_ 2 12 
E- (q+ 1 a (4e-0y j ; : eae) 
WV 
As it is usual to express results in percentages, let P represent the total 
extraction per cent. of the dissolved gold, then— 


Paton oJ!) sag aig (1) 


From the above equations, Tables XLIX. and L. have been calculated for 
the values m=1 and m=0-75 respectively, in order to exhibit in a clear and 
concise manner the effect of varying the number and quantity of the solutions, 
under all the conditions which are likely to occur when working with natural 
settlement. 

The first fact exhibited by Table XLIX. is that, although with any given 
quantity of liquor, as already stated, the extraction can be always increased 
with increased subdivision of the liquor, yet when small quantities are used, 
the rate of increase is so slow that a good extraction cannot be obtained with 
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any reasonable number of decantations. For instance, with 2 tons of liquor 
per ton of dry slime, divided into 5 parts, the total extraction after the fifth 
decantation is only 60 per cent., and to reach a theoretical extraction of 95 per 


TaBLE XLIX.—Showing the Total Percentage of the Dissolved Gold which is 
extracted from Slime by n equal decantations, when the residual pulp 
contains 50 per cent. of moisture, i.e. when m=1. 


s=total quantity of liquor used, including original moisture. 


Number of Decantations. 


! 
Value of s. i! 2 3 4 5 
ye 50 55°56 57°81 59°02 60 
3 66°67 75 78°4 80°25 81°41 
4 75 84 87°5 89°34 90°48 
5 80 88°89 92°13 93°75 94°71 
6 83°33 91°84 94°73 96°10 96°88 
7 85°71 93°75 96°30 97°44 98°06 
8 87°5 95°06 97°30 98°25 98°75 
9 88°89 96 97°97 98°77 99°16 
10 90 96°69 98°44 99°10 99°42 
il 90°91 97°22 98°77 99°33 ee 
12 91°67 97°63 99°02 


cent. it would be necessary to divide the solution into 200 parts, with 200 
decantations, which of course is in practice absurd. 

Here, then, we have another reason why comparatively large volumes of 
so ution must be used when treating slime by natural settlement. The table 


TaBLE L.—Showing Percentage Extraction when m=0°75, or about 
43 per cent. of moisture in residue after each decantation. 


Number of Decantations. 
Value of s. 1 j | 3 4 5 
5 85 93°19 95°85 97°07 97°74 
6 87°5 95°06 97 °3 98°25 98°74 
‘i 89°29 $6°25 98°14 98°89 99°26 
8 90°63 97°06 98°67 99°27 99°76 
| 9 91°67 97°63 98:97 99-49 *) 


shows, however, that with 6 tons of liquor per ton of slime and four decanta- 
tions, or with 10 tons divided into two parts, an extraction of over 96 per 
cent. can be obtained. And these figures may safely be said to represent the 
extreme practical limits of the method of decantation after natural settlement. 
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To decide exactly what values will give the most profitable result in any 
particular case, it is necessary to know the cost of each extra decantation, in- 
cluding, of course, the stirring and settlement, and also to know the cost of pre- 
cipitating the gold from one ton of solution. 

For example, suppose that the cost of one extra decantation is equal to 6d. 
per ton of dry slime, and that the cost of precipitating from each ton of 
solution is 3d. Then the following figures show the relative costs of several 
variations within the practical limits of working. It is to be remembered 
that one long agitation for dissolving the gold followed by one decantation is 
necessary in any case. 


(a) 6 tons of solution in 4 parts, giving 96°10 per cent. extraction: 


Cost of precipitating 6 tons at 3d., ; : poeta Gal, 
», three extra decantations at 6d., . : ee GU, 
Total, “ ites, 


(b) 7 tons of solution in 3 parts, giving 96°30 per cent. extraction : 


Precipitating 7 tons of liquor at 3d.,__.. ‘ o-48,. 9d. 
Two extra decantations at 6d.,_ _.. ‘ : Sea 
Total, - . 28.29d, 


(c) 9 tons of solution in 2 parts, giving 96 per cent. extraction. 


Precipitating 9 tons at 3d., . ; 5 . 2s. 3d. 
One extra decantation at 6d., : ; ; : 6d. 
Total, ; gu 28,90, 


At these prices 6 and c are equal as to cost, but as 0 gives a better extraction 
and takes less time it is to be preferred. It must be understood, of course, 
that the prices taken must include interest and depreciation of plant as well 
as labour and materials. To show how necessary it is to ascertain these prices 
with accuracy, we may, as another example, take the cost of precipitation at 5d. 
per ton of liquor, and the cost of stirring, etc. at 4d. Then, for the same three 
cases, the totals are— 


(a) 8s. 6d. (d) 3s. 7d. (c) 4s. 1d. 


Therefore, at these prices, method (a) is preferable unless the material is so 
rich that the extra 0-2 per cent. recovered by method (0) turns the scale in 
its favour. 

A comparison between Tables XLIX. and L. shows the advantage gained by 
a reduction in the amount of water retained by the slimes after settlement 
and decantation ; in the latter table this quantity is equal to 0°75 of the dry 
weight of the slime. That is to say, the residual pulp only contains about 
43 per cent. of moisture after each operation, instead of 50 per cent. as in 
Table XLIX. Referring again to the three sets of conditions (a, b, and c) 
selected above, the increases in the extraction are 2°15, 1:84, and 1°63 per 
cent. respectively. The gain, therefore, is not apparently very great, and is 
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relatively smaller with the larger quantities of liquor, but it is sufficient to 
encourage efforts to reduce the quantity of residual moisture, especially in 
the case of rich slimes. 

Although the preceding results are useful as they stand for comparing 
the respective advantages of different methods of working, yet it must not be 
forgotten, that they are only strictly accurate when the liquor which is used 
for washing contains no residual gold from previous operations. But in 
practice, of course, the solutions generally contain some gold, and we shall 
therefore briefly examine the loss thereby incurred, on the assumption that all 
the liquor used in dissolving and washing has the same assay value when 
applied to the slimes. 

If the slime is dry when put into the vats, this loss is zwdependent of the 
number of decantations and of the total quantity of liquor, and depends only 
upon the quantity of solution m which is finally left in the slime when the 
treatment is completed. Thus if m=1, then for every grain of gold per ton 
in the wash liquor, one grain will be lost per ton of slime treated. 

When treating wet slime, the loss is always less, because of the original 
moisture, a part of which remains to dilute the final wash. The larger the 
number of decantations, the more nearly will the loss approach to its greatest 
limit, which is identical with the amount lost in treating dry slime. 

The following equations will enable the amount of this loss to be readily 
calcu ated for any values of m and g, and for one, two, or three successive 
operations, which will include all practical cases. The following equations 
relate only to the gold in the solutions before use. | 


Let x=assay value of solution added to the slime. 
g=as before, the quantity decanted each time. 
m=as before, the moisture remaining each time. 


Then quantity of gold added to slime with each wash liquor = ga, and of this 


we have z returned at first decantation 


} 2 
i Gasp, Reals acl ; ; : : wv E14) 
Ll gtm g+m 


And left in slime after first decantation 


ee ; oe ee (15) 
qtm gq+m 
Returned at second decantation 


q’a(q + 2m) 
Gink Ut cs 


Left in slime after second decantation 


maga(q + 2m) (17° 
(q+my . e . ° - a 


Returned at third decantation 
gx(q? + 3mq + 8m?) 
“: ((genin aaa ° . » e (1 8) 
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Left in slime after third decantation 


mya(q? + 38mg + 3m”) (19) 
( q ra me e . 


One example may be given :—Assume that 3 tons of liquor assaying 14 
grains are added and decanted twice, then the loss of gold from this source 
per ton of slime when m=1 is by (17)— 

1x3 x 1°5(3 4-2) 


eee =1°4 grains. 
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CHAPTER XXXII. 


TREATMENT BY AGITATION AND NATURAL SETTLEMENT 
ON THE RAND. 


THIs process is the one that has, up to the present time, been most largely 
practised, especially on the Rand goldfields, where it was first introduced in 
1894. It is the application in a large way of the method of washing pre- 
cipitates which is used on a small scale in connection with analytical work in 
the laboratory. The practical development of the process to a commercially 
successful stage was chiefly due to the work of Chas. Butters and J. R. 
Williams, the former of whom used revolving stirrers for the purposes of 
agitation, while the latter relied chiefly upon circulation by centrifugal pumps. 

In dealing with accumulated slimes from dams, they are usually first 
delivered to a pulping vat partly filled with solution. This vat has a stirrer, 
consisting of two or four arms attached to a vertical shaft, which is driven by 
bevel gearing from a horizontal shaft passing over the vat or vats. When 
thoroughly mixed, the pulp is pumped into one of the treatment vats, and 
there kept in motion until the dissolution of the gold is sufficiently complete. 
In the old Robinson plant, the slimes from the dams were delivered into 
trommels fed with water to take out any coarse sand mixed with them, and 
afterwards passed through two spitzkasten. The first one eliminated the fine 
sand, while in the second the slimes themselves were settled and sent to the 
treatment vats. 

When the current product of a mill is delivered to the slimes plant from the 
underflow of a large spitzkasten, it is also generally sent directly into one of 
the treatment vats through a shoot which delivers the pulp a few feet below 
the top edge of the vat. It is found that a vat 24 feet in diameter will settle 
the slime so completely, when receiving the spitzkasten underflow at the rate 
of 25 cubic feet per minute, that by the time the vat fills and the water over- 
flows this is completely clarified. When sufficient slime has been collected, 
the slime water is diverted to another tank. The water is decanted off by 
means of a hinged pipe whose upper end is supported by a float, so that it 
sinks with the water, and always receives its supply from the top of the liquid. 

This method of decantation is better than the use of a vertical row of plugged 
holes in the side of the vat, which are successively opened as the level of the 
water is lowered. When the decantation is complete, the necessary quantity 
of cyanide solution is added to the settled slime, the stirrer is set in noua 
and agitation continued until the gold is dissolved. 
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The remaining operations are the same whether old or new slimes are 
treated. Before dealing with the latest practice in the use of this method of 
treatment, it is advisable to briefly summarise some interesting work carried 
out by Chas. Butters, in the direction of what may be termed “assisted 
natural settlement.” 

It was natural that at first he tried filtration as an aid to settlement and 
decantation, in eliminating the gold-bearing solutions from the slime. The 
following work was done at the Robinson slime plant.* A charge of 10 tons 
of slime, after the gold had been dissolved, was turned into a second agitating 
vat, 24 feet in diameter, fitted with paddles which could be raised or lowered, 
and which revolved at about 16 revs. per minute. After each agitation, the 
paddles were raised and the slimes allowed to settle. Then the liquor was 
simultaneously decanted from the top and drawn off through the filter at the 
bottom by a vacuum pump. By this means the moisture is said to havé been 
reduced to 28 per cent. of the residual mass, which remained as a tough 
leathery layer about 6 to 8 inches in thickness, and so coherent that it could 
be rolled up on the filter. After adding more solution this combined filtration 
and decantation was repeated. As the quantities of solution are not stated in 
the Journal cited, we cannot calculate the percentage of extraction, but 
although this was said to he satisfactory, the process, as carried out at the 
Robinson plant, was too expensive for the grade of material treated there, on 
account of “the cost of keeping the suction pumps in order, the power 
and attention they required,” and the excessive “wear and tear on the surface 
of the filter.” If the objections above quoted are the only ones that caused 
the economical failure of this method of treatment, it is probable that the last 
word has not been said upon the matter, because the vacuum pump difficulty 
could be overcome by adopting the New Zealand practice of working with a 
separate vacuum chamber, as described in Chapter XX VII. 

Of course, the cost of power for producing the vacuum and the cost of 
filter cloths still remain to the debit of the method ; and in order to see what 
advantage may be credited against this, the following table (LI.) has been 
worked out for the case of residual pulp containing only 28 per cent. of 
moisture, that is, when m=0°4. 

A comparison of these figures with Table XLIX. shows that two decanta- 
tions assisted by filtration give, in all cases, a better extraction than three 
operations with natural settlement only. Also, it is to be noted that with any 
given total quantity of solution up to seven times the weight of the slime, 
one operation gives a better result than two decantations with natural 
settlement. With solution equal to eight times the weight of the slime, one 
operation gives 95 per cent. extraction of the dissolved gold; and as in this 
case only one agitation is required, this could be effected in a vat without a 
filter, and when the gold is sufficiently dissolved, the pulp could be transferred 
to a filter vat for settlement, decantation, and filtration. By this means the 
wear and tear of filter cloths would be reduced to a minimum. 

* Jour. Chem. and Met. Soc. of S. Africa, vol i, p. 6,--Valedictory Presidential Address, 
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However, in consequence of the failure of the first attempt in this direc- 
tion, the use of auxiliary filtration has for the present been abandoned in 
favour of natural settlement and decantation. The result is, that when the 
treatment in the agitating vats is finished, and the last settlement carried as 
far as possible, each ton of slime still retains one ton of solution, which not 
only contains gold, but also a small amount of cyanide. This latter is, how- 
ever, so small that it need not be considered. In order to reduce the amount 
of residual moisture and thus increase the gold extraction, Chas. Butters 
introduced the use of very large and deep tanks for final settlement before 
dumping the residues. These tanks have been in some cases 50 feet in diameter 
and 16 feet deep. The treated pulp from the agitating vats, when the last 
decantation is nearly completed, is delivered into these large vats by a pipe 
whose outlet is a few feet below the top of the vat, so that, as the solid slime 


TaBLE LI.—Ezxtractions obtained by combined Decantation and Filtration, 
calculated from preceding formule for value of m=0°4. 


| 
H 


Total Solution Number of Decantations. 
per ton 

of Dry Slime. ; 3 
90 96°69 
: 92 97°81 
93°33 98°44 
7 94°29 98°83 
: 95 99-09 


settles down, the water rises and a clear water overflow is obtained. The 
slime at the bottom is compressed by the weight of the slime above, so that 
when the tank is filled with slime to a depth of about 10 feet, the average 
moisture is about 40 instead of 50 per cent., after the remaining clear water 
on top has been decanted off. Water pumped through a 3-inch nozzle at a 
pressure of 200 lbs. per square inch is sufficient to discharge 500 tons of slime 
from such vats in three hours. 

The following example will give some idea of the actual cash value of this 
extra settlement, and will, at the same time, further illustrate the use of the 
tables and formule previously given. 

Say one ton of slime worth 4 dwts. is treated with eight tons of liquor * at 
3 grains per ton, divided into two washes. Of the 96 grains of gold present 
in the slime, we may assume that 90 grains will be dissolved. The extraction 
by natural settlement in the shallow treatment vats will, by Table XLIX., be 
95 per cent. = 85°5 grains, thus leaving behind 4°5 grains of the gold dissolved 
from the slime. From equation (17) we find the residual gold due to the 
solution used is 2°85 grains; therefore each ton of solution saved is worth 


*7.¢e., 1 ton of water originally in slime + 7 tons of added solution. 
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7°35 grains, or 14°7 pence. By the use of the deep tanks one-third of a ton of 
moisture is saved per ton of slime = 4°9 pence. The cost of precipitation of 
this extra solution will be about 1d., and we may put the cost of sluicing at 
0-9d. per ton of dry slime, so that the account stands thus :— 


Extra gold saved per ton of slime, . , ; . 4°9 pence 


Extra cost incurred, : ; : , : eles oa 


———— 


Balance in favour of use of deep tanks for 
additional final settlement, . ‘ . 3 pence 


There is another advantage arising from the use of these tanks which must 
be referred to briefly. It is well known that when settling slimes from com- 
paratively large volumes of solution, the settlement is very rapid at first, but 
becomes extremely slow towards the end as the pulp thickens. Where extra 
tanks are not provided, each charge must remain in its treatment vat until 
the natural settlement is completed down to 50 per cent. of moisture. But 
where the extra tanks are in use, a part of the settlement and decantation 
may be performed in the treatment vat, and the charge then transferred to 
the large tank, in which several charges will be simultaneously settling, 
whereby time is saved, and an equal number of treatment tanks are set free 
to receive fresh charges. Of course, the total cubic capacity required in the 
plant for settlement purposes must be the same in either case, but this 
capacity is more cheaply provided in the form of large plain tanks than in 
the form of treatment vats, with stirrers and gearing, which are idle while 
settlement is going on. 

This principle can doubtless be carried further by operating with still 
deeper vats, probably of small diameter, provided with means of withdrawing, 
at intervals or continuously, the lowest and therefore driest stratum of settled 
slime. But this form of removal might easily cost more than the additional 
gold recovered as compared with the present practice. 

One of the best examples of the present method of treatment by mechanical 
agitation is the slime plant at the Bonanza mine. The following description 
of the treatment is compiled from the very full particulars kindly placed at 
our disposal by P. 8S. Tavener. 

The vats used for collecting the slime and dissolving the gold are 24 ft. 
diam. and 8 ft. deep. The underflow from the slimes spitzkasten is allowed 
to run into one of these vats for eight hours, in which time the quantity of 
solid slime collected is about 25 tons. Clear water overflows during the filling, 
and decantation through a jointed pipe begins as soon as the tank has re- 
ceived sufficient slime, and continues for three hours, during which period the 
settlement of slimes is completed. The 1 to 1 pulp remaining is then 
agitated and sampled, after which 4 to 4$ tons of KCy solution at 0-008 per 
cent. is added for each ton of dry slime in the vat, and this occupies two hours. 
Then the agitator is set to work, and in addition to this the pulp is also 
circulated by a centrifugal pump, which draws from the bottom of the vat and 
delivers over the top of it. This combination of stirring and circulating for 
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dissolving the gold is continued for a period of about eight and a half hours. 
Then the pulp is pumped to one of a second set of vats placed above the level 
of the precipitation boxes. This pumping occupies one and a half hours, and 
half an hour is allowed for sweeping and cleaning the first vat for the reception 
of a new charge. Thus the total time required in the first vat is twenty-four 
hours, and three vats are just sufficient, although it is, of course, better to 
have some margin to provide for accidental delays. In the upper vat, which 
is 24 ft. by 10 ft., the pulp is allowed to settle completely, and the solution is 
decanted off to the precipitation boxes in which the zinc-lead couple is used. 
This operation requires twenty hours, after which the stirrer is started again 
and wash solution added in the ratio of 4 tons to 1 ton of slime, which 
occupies two hours. Nine hours are then allowed for partial settlement and 
decantation, and one hour for transferring the partially settled pulp to the 
final settlement tank, which is full of solution, and large enough to give a clear 
solution overflow as the pulp is delivered into it below the surface level. 
This overflow goes to a new charge of slime in one of the dissolving vats. The 
. total time occupied in the upper vats is therefore thirty-two hours, so that 
four of these are required. The actual recovery of gold obtained at this mine 
is officially reported at 83 per cent. 

In many of the most recent slime plants on the Rand no mechanical 
stirrers are provided, and the method introduced by J. R. Williams is adopted, 
namely, the sole use of centrifugal pumps to give the necessary agitation, 
whereby very large tanks can be used. Vats 50 feet in diameter, with sides 
12 ft. deep, and with conical bottoms, whose centres are 3 ft. 6 ins. lower than 
their outside edges, are commonly used. The slime water is run into these at 
the rate of about 100 cubic feet per minute through vertical shoots, dipping 
about 18 ins. below the overflow level of the vats. When a vat is full, a clear 
water overflow is obtained, so that the filling can go on continuously until the 
required quantity of solid slime, say 200 tons, is collected in the vat, when the 
slime water is diverted to the next empty vat. After the usual settlement 
and decantation, a central valve in the bottom of the vat is opened, the outflow 
pipe therefrom being connected to a centrifugal pump. A stream of KCy 
solution, under pressure produced by another centrifugal pump, is delivered 
through a nozzle on to the mass of settled slime, which is thereby slowly 
hydraulicked into the outflow pipe, and the mixed slime and solution are 
transferred by the first mentioned pump to another similar vat, and circulated 
until the gold is dissolved. Then the processes of settlement, decantation, 
and hydraulicking are repeated, wash solution being used, and finally the 
residues are hydraulicked out with clean water, and pumped to the slime 
dam. 

By using the dissolving solution for two successive charges of slime before 
precipitation, a smaller bulk of solution has to pass through the boxes, and 
the cost of this part of the work is thereby somewhat reduced. Also a smaller 
precipitation plant may be used, or, on the other hand, with a given plant, a 
more perfect precipitation may be obtained. An example will show how this 
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works out in actual money values, and for this purpose we will take the case 
of slime carrying 3 dwts. of soluble gold, and containing its own weight of 
water, treated with 8 tons of added solution in two operations. The value of 
precipitated solution is assumed at 3 grains per ton. Then, by the ordinary 
treatment method, the gold left in residues is 5°76 grains per ton. But by 
treating two charges with the same first solution, the figures are as follow :— 
From the first charge, of course, the same result is obtained, but the solution 
is worth 16°8 grains of gold per ton, when it goes on to the second charge, 
which, added to the value of the fresh slime, makes the total value equal to 
139-2 grains per ton of slime, of which 27°84 grains will remain after the first 
decantation. The next solution wash at 4 to 1 adds 12 grains, making total 
39°84 grains, so the final residue of the second charge is 7°97 grains as against 
5°76 grains by the ordinary method. The loss in gold is therefore 2°21 grains 
= 4-42 pence, which is less than the cost of precipitating 4 tons of solution, 
and consequently there is some net gain by using this means of enriching the 
solution before precipitation, in the case of low grade slimes. By this method 
an actual recovery of 60 to 70 per cent. is obtained from slimes ranging 
between 2 and 4 dwts. 

Other examples of Natural Settlement Method.—Similar work has been 
done on a smaller scale in the United States, as shown by the following out- 
line of the treatment at the Schmidt & Johns mill, Silver Star, Montana, 
given by Matt. W. Alderson,* who built the plant for treating the usual 
mixture of sand and slime obtained after the pulp has been originally 
caught in tailings dams. The agitating vats are each 16 ft. diam. by 8 ft. 
deep, having a central vertical shaft, which is supported above the vat and 
carries two propeller-shaped stirring blades. This vat will treat 12 tons of 
compact slime per charge. A twelve hours’ agitation is required for the satis- 
factory dissolution of the gold with 0:06 per cent. cyanide solution. Two other 
washes are given, but the last one does not pass through the precipitating box, 
and the quantity of solution used for each wash is said to be from 1 to 2$ tons 
for each ton of slime. It is evident that the material must have varied con- 
siderably, probably owing to more or less sand being present. Later, this and 
other similar plants in the district have been used for treating slimes received 
directly from the amalgamation and concentration apparatus. Lime has been 
used throughout to assist settlement, and it is of interest to note that filtration 
through a filter formed of sand was tried at first, but was given up in favour 
of decantation. 

Slimes are treated by the same method at several mines in Victoria by the 
Deeble patent agitating vat, which has an overflow gate that can be lowered 
and raised as required. This apparatus, as used at the South German mine at 
Maldon, which, according to W. B. Gray,t is 18 ft. in diam. and 4 ft.deep. It 
is filled to a depth of 2 ft. with cyanide solution, then the stirring apparatus is 
started, and 15 tons of slime are gradually charged in, thus bringing the 


* Eng. and Min, Jour., vol. lxvii. p. 757. 
+ Trans. Aust. Inst. of Min. Eng., vol. v. p. 188. 
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mixture to about 3 ins. from the top of the vat. The solution is then made 
up to a strength of 0-15 per cent. KCy, and the pulp is agitated for at least 
thirty hours. Next the stirrer is stopped and raised and the pulp is allowed 
to settle for eight to sixteen hours “according to fineness.” The words 
quoted show that the material treated is not always pure slime. The 
decantation of clear liquor is effected by depressing the overflow gate. A 
second solution is then applied, which is agitated for thirty minutes, allowed 
to settle, and the clear liquid decanted. 

It would appear from the above figures that the slime must have contained 
something like 30 per cent. of moisture when put into the vat. Allowing for 
this, the dissolving solution would only amount to about 1°3 tons per ton of 
dry slime, and this would form a very thick pulp, which possibly accounts for 
the very slow dissolution of the gold (see page 216). The following figures 
show how the time necessary for dissolution was determined. 


After 8 hours’ agitation, gold in solution was 2 dwts. 0 grs. per ton. 


99 16 2) 29 4 99 13 9 
be) 24 23 oe) 5 9 21 39 
93 30 39 39 6 be) 12 29 
eee = oe 6 12 


9? 9 


Continuous Settlement Processes.—Attempts have been made to work out 
a continuous method of treatment, by passing the slime pulp through a series 
of conical vats which are intended to act as spitzkasten. 

The arrangement devised by E. T. Rand* will illustrate this proposed 
method. The overflow from the sand settling vats is thickened by a spitz 
kasten, or by a conical vat of such a size that the amount of pulp fed into it 
would take three hours to fill. The clear water overflow from this goes as 
usual to the reservoir, while the thickened underflow is sent to a dissolving 
vat with a conical bottom, and on its way to this vat the pulp passes along a 
launder where KCy is added to it. From the launder a pump delivers the 
pulp to a Butters Distributor at the top of the dissolving vat. The same 
pump by a separate pipe, at the same time, draws pulp from the lowest point 
of the vat and delivers it to the same distributor ; so that this pump not only 
supplies pulp to the vat, but also continuously circulates it. A second pump 
continuously withdraws pulp from the dissolving vat at the same rate as it 
enters and sends it to a conical vat (having a cone angle of about 60°), which, 
for convenience, may be termed the first settler. The clear solution overflow 
from this passes to the precipitation boxes, and the thickened underflow, after 
being again diluted with wash solution, passes into a second conical settler. 
The clear overflow from this one is strengthened by the addition of KCy, 
and is used to dilute the fresh pulp, which is then on its way to the 
dissolving vat. The underflow from the second settler carries away the 
treated slime. 


By means of a roughly improvised plant on this principle about 1000 tons 


* Jour. Chem. and Met. Soc. of S. Africa, vol. ii. p. 108. 
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of slime were treated at the Simmer & Jack mine near Johannesburg. The 
results of the trial given by the inventor of the process are as follow :— 

Original average value of slime, 1°8 dwts. 

Certain selected residues, 0°3, 0°15, 0°15, 0:40, and 0-5 dwt. per ton. The 
average of these, which are probably some of the best, is 0°3 dwt. Calculated 
on this basis, the theoretical extraction is 83 per cent. Only one washing 
could be given in this experimental plant, and it is to be noted that the actual 
recovery of gold, the total quantity of solution handled, and the amount lost 
in the final effluent are not stated. 

The Clancy continuous process is almost identical in principle, and the 
apparatus proposed for it is very similar. We may briefly compare the con- 
tinuous and intermittent methods in the following way :— 

1. The capacity of the dissolving vats must be the same in either case, 
because this is determined by the time required for dissolution. 

2. With the settling vats in the intermittent process, a certain amount of 
time is lost in filling with liquor and re-pulping after each settlement, and from 
this point of view the total settling capacity in the continuous plant could be 
about 10 per cent. less than with intermittent working. 

3. But as there is always some disturbance in the settlers in the continuous 
process, it is extremely unlikely that a 1 to 1 effluent could be obtained, even 
for a time, with a total settling capacity equal to that of an ordinary plant. 
Then, again, it is dificult to regulate the outflow of the thickened product from 
each conical settler to such a nicety that the maximum concentration would 
be maintained. Consequently the average moisture in the slimes after each 
operation will be greater than at the same stage of the intermittent treatment, 
and the gold extraction will be correspondingly less. 

Travelling Filters and Vacuum Chambers.—A semi-continuous process 
was patented in 1893 by W. Brunton, in which, after dissolution of the gold in | 
the ordinary way, the pulp is poured on to a travelling endless belt composed 
of filter cloth, which passes over vacuum chambers, whereby the moisture is 
sucked out and the dried slime then carried away on the belt and discharged. 

More recently, the same idea has been adopted by T. T. Draper, of Melbourne, 
who has patented a machine having a rotating drum with a series of peripheral! 
vacuum chambers. A belt of filtering fabric, suitably supported, passes over a 
portion of the outer face of the drum, and each vacuum chamber is connected 
to the exhausting apparatus only while it is in contact with the belt. So far 
as we know, neither of these plans has yet been tried on a practical working 
scale. 


CHAPTER XXXIIL 
SLIME TREATMENT WITH FILTER PRESSES. 


WE have already referred to the advantage gained by reducing the residual 
moisture in the slimes by filtration, and for this purpose the press is un- 
doubtedly the most effective apparatus, because it affords a very large filtering 
surface in a compact and handy form, and also gives a product containing not 
more than 20 per cent. of moisture. The following table shows the percent- 
age of dissolved gold extracted, calculated on this basis. 


TasLE LII.— Percentage of Dissolved Gold extracted when m= 0°25, that ts, 
when Pressed Cake contains 20 per cent. moisture. 


Value of 2 =number of 
times pressed. 


Value of s. e 
1 2 
1 75 84 
1} 80 88°89 
14 83°33 91°84 
| 2 87°5 95°06 
24 90 96°70 
3 91°67 97°63 
34 92:86 98-22 
4 93°75 98°62 
5 95 99-09 
6 95°83 a 
7 96°43 ee , 
| 8 96°88 
9 97°22 | 
| 


A comparison with the corresponding figures in Table XLIX. shows at once 
the enormous gain in extraction due to filter pressing, this being most marked 
when small quantities of solution are used. On the Witwatersrand it is 
generally considered that 4 tons of solution per ton of slime is the minimum 
quantity necessary to dissolve the gold rapidly. With this amount, one press- 
ing gives 93°75 per cent. against 75 per cent. from one decantation. Or 
making the comparison in another way, a total of 4 tons of solution with 
presses gives exactly the same result in one operation, as we get from 7 tons of 


solution with two decantations. This, however, does not represent the full 
234 
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advantage of filter pressing from the extraction point of view, because part of 
the 20 per cent. of moisture remaining in the cakes can be recovered by a 
much smaller amount of wash liquor than is necessary in the decantation 
method. So that although we have shown in Table LII. the results obtained 
by twice pulping and pressing for the purposes of comparison, it may 
safely be said, when presses are used, that twice pulping with KCy solution 
will never be required, because the washing can be more effectively carried out 
on the cakes in the press. 

Methods of Filter Pressing Slimes.—Several methods of treating slime 
in connection with filter presses have been evolved in Western Australia, owing 
chiefly to changes in the character of the ore. 

1. In the first method, after the sands and concentrates have been elimi- 
nated from the mill pulp, the slime-bearing water is sent at once through the 
presses, whence it issues quite clear, while the slime remains in cakes in the 
press, and there receives the whole of the cyanide treatment for dissolving the 
gold as well as extracting it. This method was chiefly used with oxidised ore, 
and is only suitable when the gold can be rapidly dissolved, otherwise the 
number of presses required will be very great. In some cases, intermittent 
aeration, by the passage of compressed air into the press, was employed in 
working this system. 

2. In the second method, which is the one most largely employed at the 
present time, the slime pulp is first allowed to settle in vats and the clear 
water is decanted off. The thickened pulp, then about 1 of slime to 1 of 
water by weight, is treated with KCy by agitation with mechanical stirrers, and 
is then sent to the filter press for the extraction of the gold-bearing solution, 
after which the pressed cakes are washed and discharged. In this method 
a smaller capacity is required in the presses: for instance, the first method was 
formerly employed at the Lake View Consols mine with ten presses,* but at 
the present time the second method is practised with only four presses. 

The chief objection to this system is the accumulation of solution which 
must occur unless a large quantity of weak liquor is run to waste. The 1 
ton of water mixed with each ton of slime when first settled is increased by 
the addition of KCy solution to at least 14 tons of liquid. As only 4 ton of 
moisture remains in the pressed cake, it follows that there is 1 ton of 
solution extracted from each charge, of which only } ton is required for use 
again with a following charge, therefore # ton of solution per ton of dry slime 
remains to be disposed of in some way or other. If this could be economically 
exhausted of its gold, as for instance by electrical precipitation, it could then 
be run to waste without serious loss, but with a few grains of gold per ton 
‘remaining, the loss becomes comparable with that which is due to the residual 
moisture in the decantation process. It may be remarked here that the difh- 
culty of dissolving gold in thick pulp experienced on the Rand does not seem to 
occur to the same extent in Kalgurli. Returning to the question of waste solu- 


*H. F. Balman, 7rans. Inst. Min. Eng., vol. xvii. p. 359, 
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tion, according to Clement Dixon the precipitation of solution from the presses 
is very complete even with ordinary zinc shavings, as used in New Zealand, 
where the filter-pressed liquor never contains more than 4 grains after pre- 
cipitation, and usually not more than 14 grains per ton. But in order to 
avoid even this slight loss, a third method of working has been intro- 
duced. 

3. In this case the pulp is passed first into a press to expel the water, then 
the cakes are discharged from the press and re-pulped in an agitation vat with 
KCy solution, and finally pressed a second time and washed. By this method 
no surplus solution has to be dealt with, because the slimes contain the same 
percentage of moisture when the treatment is finished as they did when first 
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Fig. 50,—Chamber Press. Fie. 51, —Frame Press. 


brought into contact with the cyanide solution. On the other hand, the press 
capacity required is practically double that of the second method. 

4, A slight modification of the third method has been patented by S. H. 
Johnson and H. L. Sulman, who propose the following series of operations. 
Settlement of slime and decantation of clear water, followed by filter pressing 
the thickened pulp. Displacement of water remaining in the cakes by 
cyanide liquor of normal strength. The cakes are then discharged on toa 
cement floor to avoid loss of solution which would already contain gold, and 
they are then re-pulped and treated as in method No. 3. The advantages of 
this method are not obvious, while the risk of losing rich gold-bearing solution 
in the first press, by reason of some cakes being more permeable than others, 
is very great. The use of KCy in the first press is also likely to cause loss of 
gold in the water pressed out of succeeding charges. / 
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Types of Filter Presses.—In figs. 50 and 51 part sections are given of two 
ordinary types of press known as the “Chamber” and “Frame” press 
respectively. 

The Chamber press consists of a number of plates a, corrugated on each face 
and provided with projecting flanges 0, so that when the plates are pressed 
together, the spaces ¢ within the flanges constitute a series of closed chambers 
for the reception of the material to be filtered. In this type the plates usually 
have a central aperture d, so that there is a continuous central channel through 
the press in free communication with each filter chamber. It is necessary to 
have a filter cloth on each side of each plate, with a corresponding central hole. 
In some presses these are fixed in the following manner. Two cloths are sewn 
together all round these centre holes ; one cloth is then pushed through the hole 
in the plate and opened out, then both are hooked on to the top of the. plate. 


Fic. 52.—Dehne Press, 


In the Dehne press the filter cloth is hung over the top of the plate so that it 
hangs down on each side, and is fixed by a flanged bush on each side which 
screws into the hole of the plate, the cloth being thereby gripped between a 
boss on the plate and the flange of the bush. 

The Frame press (see figs. 51 and 52) consists of corrugated plates e and 
separate frames jf, placed alternately so that the latter enclose the filtering 
chambers g. In this type also the filter cloths are simply hung over the 
plates and require no fixing at the centre, because the channel or channels 
are formed either in projecting lugs or in the margins of the plates and frames. 
The cloths themselves constitute the packing between the planed margins of 
plates and frames. The joints in the channels in the lugs are made good by 
filter cloth bags slipped over the lugs, or by cloth-covered india-rubber rings 
placed in a recess formed round the holes. ach plate is also usually provided 
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with an efflux tap for the discharge of filtered liquor, and when it is not 
necessary to discharge under pressure, the use of these separate taps, instead 
of a discharge common to all the plates, is preferable. This enables the 
operator to see whether the filtration is satisfactory from each individual 
chamber, so that he can shut off any chamber which is not filtering properly. 
Frame presses giving cakes 2 inches or 3 inches in thickness are generally 
employed in the treatment of slimes, each press having usually 50 chambers 
with plates 40 inches square. Larger ones have been used, but are not 
recommended by the makers. A press of the size mentioned with 2-inch 
frames holds about 3 tons, and with 3-inch frames about 43 tons, when full of 
pressed slime weighing 130 lbs. per cube foot. As the 3-inch press costs only 
12 per cent. more than the 2-inch, it is evidently cheaper to use the former 


Fic. 58.—Dehne Press. 


whenever the material will allow of this without unduly retarding the speed 
of filtration, because an economy is effected in first cost as well as in the work 
of emptying. It may be mentioned here that for pressing gold sludge from 
precipitation boxes, presses giving l-inch cakes are generally used. 

In forcing the pulp into the chambers the pressure may be increased, often 
with advantage, as the cakes get thicker, but it should always be steady ; 
therefore when pumps are used for this purpose, a large air vessel should be ~ 
provided to prevent fluctuation. 

It is more customary, however, to fill from a montejus, which is simply an 
air-tight vessel, usually cylindrical, with dished ends, provided with a valve at 
the top for filling it with pulp. It has also an inlet for compressed air at the 
top and a pulp outlet pipe, which extends nearly to the bottom of the montejus: 
at its receiving end, and is connected at its other end to the feeding channel 
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of the filter press. The capacity should be sufficient to hold the pulp required 
to fill one press with cake. For example, if the pulp contains 14 parts of water 
to 1 part of slime, the montejus for a 44-ton press should fontain 3°6 tons 
dry slime, at 12-2 cubic feet per ton, = 44 cubic feet plus 5:4 tons of solution 
at 32 cubic feet, = 173, or altogether 217 cubic feet. Under these conditions 
one montejus is necessary for two presses. Pressures from 45 to 100 lbs. 
per square inch have been used for forcing the slime pulp into the presses. 
The Dehne press has been so largely used in Western Australia that a 
description of the arrangements provided for making and washing the cakes 
cannot fail to be of interest. Two kinds of plates are used, which, for brevity, 
we may call A and B, It will be seen from fig. 52 that the corrugated 
surfaces of the plate A are connected to an inlet channel 4 and an air escape 
channel c, In plate B (see fig. 53) the surfaces are not connected to either 
of these channels, but are open to the solution outlet channel d. These plates 
occur alternately, as seen in fig. 54, with the usual frames f between them 
carrying filter cloths as shown by dotted lines. The filling channel h is, of 
course, connected through the frames / to the spaces within them between the 
filter cloths. When the pulp is forced into these spaces the liquor passes 
through the cloths, while the solid slime forms a layer on the surface of each 
cloth until the whole space is filled with slime 
cake. An outflow tap 7 is connected to each Ree —_ mt — i ak. te 2 
plate of each kind. A. G. L. Dehne states 
that by passing differently coloured materials 
through a press in succession during one filling, 
he has shown that the solid matter is deposited 
all over the filter cloths in even layers of wnz- 
formly increasing thickness. When the chambers 
are full the channel / and the taps 7 are closed, 
and wash liquor is supplied through the channel 
b to plates A, along the grooves of which it 
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each cake. It therefore passes horizontally _KSSS LASSE 

through the cake and along the grooves of SSI SLA SASH 

the plates B to the outlet channel d. The Fic. 54.—Dehne Press, 


air channel c, which is open at the beginning of 
the washing, is closed as soon as water begins to flow out of it. The arrows in 
fig. 54, which for the sake of clearness is not drawn to scale, show the direction 
of the wash liquor. Instead of using channel d, the same result can be obtained 
by opening the outlet taps in the Z plates, while those in the A plates are closed. 
After this washing is completed the press is opened and the cakes discharged. 
Instead of the ordinary corrugated plate, sometimes a plate having a few 
ribs is used, covered with a perforated metal sheet. This gives a somewhat 
better support to the cloth, but it slightly reduces the effective filtering 
area. 
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Messrs S. H. Johnson & Co. recommend a plate whose surface is uniformly 
dotted over with little flat-topped pyramids, which result from two sets of 
parallel grooves intersecting each other over the whole surface. 

For small presses a central screw in one end of the framing is generally 
used for tightening up the plates, but for large apparatus bell crank levers 
are employed, whose short arms press against the plates, while their long arms 
are drawn together by a screw, so that a great purchase is obtained. 

The effluent solution from the presses is generally clarified more completely 
by passing it through an auxiliary press before it goes to the precipitation 
boxes. As no great pressure is required in this case, a lighter construction 
can be adopted, so that the apparatus is much cheaper than that used for the 
first pressing. Dehne’s “ Excelsior Filter,” which is used on several mines in 
W. Australia for clarifying the solutions, is simply a cheap form of filter press 
in which two channels are provided for the passage of the liquor, and means 
are provided, by separate channels or cocks, for drawing off any liquor re- 
maining in the chambers before the press is opened. Similar auxiliary filters 
for the same purpose are made by Messrs Johnson & Co. 

We are pleased to acknowledge the information concerning the construction 
of filter presses courteously supplied by Messrs C. Harzer & Co., the London 
agents for the Dehne press, and by Messrs J. & R. Niven, the Johannesburg 
agents of the Johnson press. 

Treatment Capacity of Presses.— With reference to the time required for 
filling and emptying, Wm. M‘Neill gives the following figures for a 20-chamber 
press, holding about 14 tons of dry slime in cakes 28 inches square by 3 inches 
thick.* 


Filling press from receiver, . : . 15 minutes 

Washing cakes in press, : 3 PLO be 

Discharging and closing, ; 5 LOSS 
Total, 3 ~ -a@ a 


Taking it at one hour, a press should accordingly treat 24 times its own 
capacity of dry slime per day. Or putting it another way, for each ton 
treated per day, the press capacity required would be 0-042 ton. 

According to other published figures,t two presses, each holding 5 tons of 
dry slime, are sufficient to treat 120 tons daily ; this makes the press capacity 
0-080 ton, per ton treated daily, which is nearly double the figure derived from 
Wm. M‘Neill’s data. 

But from Table LITI., given below, it is quite clear that such good results as 
the latter figure even indicates, are seldom if ever obtained in practical 
operations on a commercial scale. The average capacity provided on the five 
mines mentioned is again nearly double that of the second estimate given 
above, so that in practice the average time occupied in one cycle of operations 
with each press is four hours. It is clear that any improvements in design 
which will lessen this time will be of considerable value. 


* Trans. Inst. Min. and Met., vol. vi. pp. 247 to 266. 
+ Jour. Chem. and Met, Soc. of S. Africa, vol. iii. p. 59. 
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Taste LITI.—Showing Approximate Tonnaye treated by Filter Presses 
in Western Australia. 


Thick- Total Press 
mae ness | Gpnacity of Tons Capacity 
Name of Mine. ie of eae treated | required per 
Presses. Presses, 
Cake. Dev Shi per day.| ton treated 
ry Slime. 
Inches. per day. 
- 
Great Boulder Perseverance, 12 3 43°2 216 0°2 
Associated Gold Mines, 8 3 28°8 220 0'131 
Great Boulder Main Reef, 4 3 14°4 73 0°197 
| Kalgurli Gold Mines, 3 2 7°2 46 0°157 
Lake View Consols, . 4 3 14°4 91 0°158 
Ivanhoe, . ; 6 2 14°4 133 0°108 
Totals and average, 37 ae 122°4 779 0°157 


The above table may be useful in laying out plants in other countries, as 
it shows the limits of variation as well as the average capacity provided in 
practice. It must, however, be remembered that in W. Australia the slimes 
filter pressed often contain ore particles in considerable quantity, which in other 
countries would be classed with sands. From this it follows that where a 3- 
inch cake is practicable in W. Australia, it may be impracticable in countries 
where the slimes are freer from sands. A thinner cake has then to be employed, 
which reduces the capacity accordingly. 

Kalgurli practice.—For the following particulars of several Kalgurli 
plants and methods of working we are largely indebted to a pamphlet by 
Robert Allen, M.A., B.Sc., to which we have previously referred. At the first 
three mines mentioned the whole of the ore is reduced to slime for cyanide 
treatment. 

At the Great Boulder Main Reef the sulphide ore is broken by a Gates’ 
Crusher to 14 inch, and then goes through Krupp ball mills with No. 30 
screens, after which 80 per cent. of the product will pass a 100-mesh. The 
ore is roasted in mechanical furnaces, which discharge into a launder in which 
a thin pulp is formed by the addition of weak cyanide solution. A tailings 
wheel lifts this pulp to a series of spitzkasten, which give a clear water over- 
flow and separate out two products, namely, sands and slimes. The latter are 
pumped up to agitator vats 21 ft. diam. and 6 ft. deep, where more KCy is 
added and the pulp is stirred for about eight hours. The sands are amalgamated 
and ground fine in Wheeler pans, and the continuous overflow from these is 
again separated into sands and slimes. The former are returned to the pans 
and the latter are sent to the agitator vats above mentioned, which ultimately 
receive the whole of the material crushed. When the gold is dissolved, the 
pulp is run into the montejus and thence forced by compressed air into the 
filter presses, whose effluent passes through an auxiliary press to the zinc 


boxes. Of the whole gold recovered on this mine 90 per cent. is said to be 
16 
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obtained in the cyanide plant, the other 10 per cent. being presumably caught 
by the mercury in the Wheeler pans. 

At the Associated Gold Mines the treatment is very similar, the principal 
difference as regards cyaniding being that, whereas in the method just 
described the KCy is added before the fine grinding and amalgamating, at this 
mine water is used in the pans, for the reason given below, and the cyanide 
solution is added afterwards. The sulphide ore is broken to 2-inch pieces in 
Comet Breakers, then to | inch in Roger Rolls, next crushed to 30-mesh in ball 
mills, and roasted in mechanical furnaces. After this the ore is mixed with 
water and passed through grinding and amalgamating pans and so-called 
settlers, each with a continuous overflow. From the settler overflow the pulp 
is pumped to settling vats 35 ft. diam. and 8 ft. deep, from which clear water 
is decanted. By this means the ore is well washed, and the ‘cyanicides’ 
removed, before coming into contact with the cyanide. The thick settled 
pulp is passed to agitator vats 18 ft. diam. and 5 ft. deep, where it is stirred 
up with solution until the gold is dissolved. It is then filter pressed in the 
usual manner. 

At the Hannan’s Star mine the sulphide ore is treated, without roasting, by 
the Diehl process, of which we give the following outline. After going through 
a Blake-Marsden Crusher and Krupp ball mills with 30-mesh screens, about 65 
per cent. of the material will pass a 100-mesh screen. This product is divided 
into sands and slimes by spitzkasten, and the sands, after passing over amalga- 
mating tables, are slimed in a Krupp flint mill (see below). All the slimes 
are treated together in agitator vats with KCy and CyBr for about twenty-four 
hours, and afterwards filter pressed. The effluent solution passes into a settling 
vat, whence it is syphoned over to a filter vat, and from the latter passes to 
ordinary zine precipitation boxes. 

H. Knutsen * gives a very complete account of the Diehl process as carried 
out at Kalgurli. After the ore has been crushed in one of the usual ways, it 
is re-crushed in a Krupp-Grusonwerk grit or flint mill. This has a cylinder 
about 18 feet long by 4 feet diameter, and contains about 4 tons of flints. The 
sand from the crushing mill is fed with water, until the mass contains 3 to 5 
per cent. of solids, through a hollow journal at one end of the cylinder, and 
escapes through another hollow journal at the other end, as the cylinder 
rotates. The slimed product leaving the mill flows on to a set of classifiers, 
where the sands are separated, to be returned to the mill for re-crushing. The 
slimes leaving the classifiers are thickened until they form a pulp of 40 to 
50 per cent. of solids. This is then transferred to agitators, which consist of 
covered vats 20 to 25 feet in diameter and 7 feet 6 inches to 8 feet deep, their 
capacity being 100 to 125 tons of pulp. 

For slimes containing 1 to 3 ozs. of gold per ton, a strong solution of 
cyanide is added, equal to 4:4 lbs. KCy per ton of solids. After agitating for 
1 to 14 hours, bromide of cyanogen in solution is run in, about 1:1 Ibs. per ton 


* Min. Jour., July 26, 1902, p. 1024 et seqy., from a paper read before the Institute of 
Mining and Metallurgy, London. 
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of solids. The agitation is kept up for 24 hours. For richer slimes further 
quantities of KCy and BrCy are added at intervals of 6 to 8 hours, but for 
poorer slimes smaller quantities than the above are used. About 2 hours 
before agitation is complete, 1 lb. to 4 lbs. of lime per ton of dry slime are 
added. 

The pulp next flows direct from the agitator to a receiver, to be filter 
pressed, which holds just enough to charge the press with 44 to 5 tons of 
solids. It is forced into the press by means of compressed air, which at the 
beginning of the operation has a pressure of 30 lbs. per square inch, but as the 
filter press fills this is gradually increased to 50 lbs., and even to 75 lbs. When 
the charge is complete the filter press valve is closed, and the compressed air is 
shut off from the sludge receiver, to be next directed to the weak solution 
receiver, and finally to the water wash. A current of air at a pressure of 80 
Ibs. per inch is lastly blown through the cakes for 10 to 15 minutes to dry 
them, after which the press is opened and the cakes are discharged into 
trucks. The press is then cleaned and got ready for the next charge. The 
whole time required for a complete set of operations is 2 hours. 

About 35 to 50 tons of weak solution and a similar quantity of water wash 
is required for each 100 tons of dry solids. With poor slimes of 10 dwts. per 
ton the use of a weak solution is omitted. The gold-bearing solution flows 
from the filter press to a storage tank, to be clarified by passing through a filter 
at its bottom, or sometimes through a small filter press, before entering the 
zinc box. 


CHAPTER XX XebV 
DESIGN AND CONSTRUCTION OF VATS, 
Section I, 


Vat Capacity in Cyanide Plants.—When the nature of the material to 
be treated and the method to be adopted have been determined by preliminary 
tests or by previous work in the same locality, the total vat capacity required 
in the plant for treatment is easily arrived at by multiplying the daily 
tonnage, expressed in cubic feet, by the total number of days occupied in the 
treatment of one charge, including, of course, the filling and emptying of the 
vat. Thus, for instance, in a single treatment sand plant, if one day is allowed 
for filling, one for discharging, and five for treatment, the calculation is as 
follows: for 500 tons a day of material occupying say 24 cubic feet per ton, 


(a) 500x24x7=84,000 cub. ft. 


When collecting vats are to be used, then, on the basis of one day to fill, 
one to drain, and one to empty, the capacity required at 20 cubic ft. per ton 
for direct filling is as follows : 


(b) 500 x 20x 3=30,000 cub. ft. 


For a double treatment plant, example (a) would be suitable for the second 
series of vats. For the collection and first treatment vats, allowing two days . 
for filling and discharging and two for preliminary treatment, we have: 


(c) 500x20x4=40,000 cub. ft. 


This will be sufficient if the plant is so arranged that the contents of any 
collecting vat can be transferred to any vat of the second series as in 
figures 34 to 37, but with double-tier plants (figs. 41, 42) the same time 
must be allowed in reckoning the capacity of each set, and the only difference 
in the respective sizes is due to the difference in the volume occupied by the 
material in the upper and lower vats. 

In the case of slime plants, we have not only to allow for the volume of 
the slime, but also for the solution used with it. Thus, if a 4 to 1 pulp 
is to be used in the agitation and settling vats, the total capacity is found in 
the following way : for, say, 100 tons of dry slime daily, with a total treatment 
time of 72 hours: ; 


100 tons slime at 12°3 cub. ft.= 1,230 cub. ft. 
400 tons water at 32 cub. ft. =12,800 ,, 


Total volume treated daily, 14,030 


which, multiplied by three days, is equal to 42,090 cub. ft. 
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The above simple calculations are sometimes useful in rough estimations, 
for the purpose of comparison of plants for different methods of treatment, 
and also for checking the results arrived at from the considerations mentioned 
hereafter. 

For solution vats the total storage capacity usually provided in sand or 
slime plants is between one-fifth and one-tenth of the total treatment-vat 
capacity. . 

Number and Size of Vats.—As the time of filling and emptying is 
necessarily included in the above figures, it follows that the total capacity 
will to some extent finally depend on the number and size of the vats. 

For this and many other reasons in designing a plant, instead of calculat- 
ing the total capacity, it is better to select first of all the size of the vat, and 
then to decide upon the shape, 7.e. the relation between diameter and depth, 
which is most suitable for the particular material in each case. 

For ordinary leaching vats the most convenient arrangement is to make 
each vat contain the quantity treated per day, because then every operation 
in the cycle of treatment occurs at the same hour each day, and consequently 
the utmost simplicity in working and freedom from mistakes is thereby 
ensured, Also, by having few vats, the number of pipes and cocks for 
solution is kept as small as possible, and this, again, simplifies the working of 
the plant. As there is no difficulty in constructing vats to hold 1000 tons, 
or more if required, there is no excuse for designing plants with a multiplicity 
of small vats. The only valid objection to large vats is that, under given 
conditions, each takes longer to fill than a small one, and is therefore put out 
of action for a longer period, so that the total capacity required in the plant 
is thereby somewhat increased ; but against this may be set the undoubted 
fact, that a few large vats are much cheaper than many small ones of the same 
ageregate capacity. 

Collecting vats also can generally be designed to receive one day’s output 
from the mill, but, as mentioned in describing their use, there are sometimes 
reasons for making them smaller, and the objections to small dimensions in 
this case are not so serious, because the only operations to be performed are 
filling, draining, and emptying. 

When treating slimes by agitation there are self-evident mechanical 
reasons for not making the vats very large. In this case the time of filling 
is often a large portion of the total time occupied per charge, and therefore 
the objection mentioned above becomes important, and the cheapness of large 
vats is somewhat discounted. Each vat should, however, be large enough to 
give a clear water overflow when receiving the whole slime product from the 
mill, and need not be larger. Suppose, as an illustration of this point, that 
the slime product from a 40-stamp mill will give a clear overflow from a 
24-feet vat which fills in 6 hours, and that the total treatment under these 
conditions takes 60 hours. In order that the time required for settlement 
may be constant, we may assume that the diameter only is altered, so that 
the vat will receive a charge equal to 24 hours’ supply from the mill, Then 
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the total treatment time will be increased to 78 hours or more, and the 
total capacity required will be increased in the same proportion, that is to 
say, by 30 per cent. If, on the other hand, the depth is increased, the 
settlement time will also be lengthened, and the necessary capacity still more 
seriously increased. The following table has been worked out from the 
results of actual practice on the Rand. 


Taste LIV.—Sizes of Vats giving Clear Water Overflow when receiving 


Slime Pulp. 
Dismeter Cubic feet of 
SPS Pulp received 
per minute. 
20 feet 18 
Ones, 25 
S00, 34 
1s he 45°5 
abv 60 
are 78 
502s. 100 


Having determined the diameter according to the above considerations, the 
depth may be about 7 to 9 feet for agitator vats, and is often as much as 12 
feet for treatment by pump circulation. It is convenient to adjust this 
dimension so that the charge of the vat will be equal to a simple fraction of 
one day’s supply, such as one-third or one-half. 

The tendency at the present time in all departments of cyanide plants is 
to provide a greater capacity than formerly, in order to allow of a longer 
treatment and a consequently higher extraction, as the economical limit in 
this direction has not yet been reached. 

Most economical Shape of Vat.—When only the cost of the vat itself is 
taken into consideration, it has been shown mathematically, for a vat of uni- 
form material and thickness throughout, that the most economical shape is 
obtained when the depth is equal to the radius. But the cost of foundations 
has to be taken into account ; and as this item also increases with the diameter, 
it follows that the depth should be greater than the radius, in order to get the 
greatest economy in construction. Suppose, asa simple example, that the cost 
of foundations per square foot covered was exactly equal to that of the vat 
bottom. Then the cheapest vat would be one in which the depth is equal to 
the diameter. But in most practical cases, and certainly where the vats are 
clevated on columns and girders, the supports will cost more than the vat 
bottom, so that theoretical economy in construction demands a depth greater 
than the diameter. It is evident therefore that, as a rule, the most economical 
shape cannot be used in practice, as other considerations, such as effective 
percolation and convenience in working, have more importance than a small 
saving in first cost. Solution storage vats can, however, generally be made 
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much deeper than leaching vats ; and as their foundations are seldom costly, 
the best depth can often be used, this being something between one-half and 
three-quarters of the diameter. In all cases it is useful, when designing a 
plant, to remember in which direction economy lies. 

Pressure in Vats.—Small vats are usually designed according to pre- 
cedent, and calculations are seldom necessary, but for large sizes the stresses 
should be carefully determined and allowed for. 

When a vat is filled with sand and water the whole mass forms what is 
practically a quicksand, and, so far as its pressure is concerned, it may be 
considered to act as a fluid, whose weight is equal to that of the sand and 
water together. Referring to page 55 we may take the two extreme cases 
there given to find the limits of this weight for quartz sand. 


Mixed sand, one cub. ft. =100 lbs. 
Water, 392 cub. ft., say 24 ,, 


Total, 124 |; 


Classified sand, one ft. = 80 ,, 
Water, ‘52 cub. ft., say GON, 


Votalas (124, 


In the following examples we shall take 120 Ibs. as the weight per cubic 
foot of the fluid mass. For pyritic concentrates a higher figure should of 
course be used, which can be found in the same way. 

The pressure in pounds per sq. ft. upon the side of the vat at any depth will 
be found by multiplying the depth in feet by 120. The figure so obtained 
multiplied by the diameter in feet will give the total pressure tending to 
burst the vat at the depth selected. This, of course, is zero at the top, and 
reaches its maximum at the bottom. | 

Design of Timber Vats.—In a wooden vat there is an additional stress on 
the hoops, due to the swelling of the staves and planks, but in the absence 
of exact data as to the amount of stress resulting from this cause, it is 
allowed for in practice by giving a little extra strength to the hoops generally, 
and by adding one hoop at the bottom especially to resist the swelling of the 
floor. 

One convenient method for designing a wooden vat is to calculate the 
stresses separately for each foot of depth, and so determine the necessary 
amount of iron required in the hoops at each part, because by this means the 
approximate spacing of the hoops is found as well as their number and size. 
As only a few sizes of round iron are usually employed in vat construction, we 
can at once assign a value for the safe load on each size. Taking 11,200 Ibs. 
per sq. inch, and allowing for cutting threads at the ends, we get the following 


figures : 
# in, diameter, : ; : safe load is 3,405 lbs, 
% > 9) ° + bs ° 99 99 4,726 9? 
et ee ane - : ; 4 oe cee 
13 3) ue) * * * ss 2) 9 7,806 ”? 


14 with 1} screwed ends, . : a Sptiglooes, 
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Larger sizes than these are not advisable, as there is much difficulty in 
bringing them well up to every stave. 

As an example, we will now make the necessary calculations for a vat 
40 ft. diameter and 8 ft. deep inside. When 
working in this way it is well to draw a 
vertical line, such as A B in figure 55, to 
any convenient scale to represent the side 
of the vat, with the feet marked off and 
numbered from the top. Then the position 
of each hoop can be tentatively marked off 
on this line, and afterwards a final slight 
adjustment of positions can be made if desir- 
able. 

Beginning at the hottom, the pressure at 
8 feet, tending to burst the vat, is 


120 x 8 x 40=38,400 lbs, 
and at 7 ft. itis 33,600 ,, 


The mean of these two figures, viz., 36,000 
lbs., is the total bursting pressure on the lowest 
foot. Half of this, namely, 18,000 lbs., is the 
tensile stress in the hoops supporting the 
lowest foot. Therefore the number of 14-inch 
hoops with 1}inch ends required is 1:6, and by 
simple proportion we find that each hoop will 
support a depth of 74 inches. So the first hoop 
can be placed at C, say 34 inches above the 
floor level, and the second hoop say 74 inches 
above the first. Proceeding in the same way with the next foot we have, 


Bw 9 *'-10'-% - 11-4 - - 79 - & — 15 — -% -— F542 - x38 


‘BVee-7 


Fia. 55, Fic. 56. 
Spacing Vat Hoops. 


Bursting pressure at 7 feet, as before, 33,600 lbs, 
Bursting pressure at 6 feet, . + 20, Oud age 


Therefore, mean pressure = 31,200 lbs. and tensile stress 15,600 lbs. Number 
of hoops 1°38, which corresponds to a distance apart of 8? inches. So the third 
hoop may be placed at 84 inches above the second, and the fourth, say, 9 inches 
above the third, as in fig. 55. 

This process can be continued until the calculation gives a space of more 
than 18 inches between the hoops, when a smaller size of hoop must be 
adopted, because with 3-inch staves they must be supported at least every 18 
inches, however small the pressure may be. In continuing the calculation, 
the following figures will be obtained : | 


Between 5 and 6 ft. 1°18 hoop. 104 ins, apart; say, 10 ins, 
19 Air Oy ODT) WSs eee » 12 ,; 
99 3 2? 4 99 0°75 29 15g 2? >? 153 93 
33 2 23 3 99 O°54 9 224 19 
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As the last distance exceeds 18 inches, the calculation must be repeated witha 
hoop of smaller size, say 14 inch throughout, thus: 


Between 2 and 3 ft. 0°77 hoop. 158 ins. apart ; say, 154 ins, 


Having now risen to within 15 inches of the top, it is evident that no more 
calculation is necessary, and the last hoop can be suitably marked on the figure, 
say 3 inches below the top of the stave. Then, to improve the appearance 
by making the spacing of the hoops increase regularly, the distances can be 
adjusted as in figure 56, which also shows the extra hoop necessary round the 
bottom of the vat. It will be noticed that in getting rid of the small fractions 
of inches, and in the final adjustment, all the alterations are in the direction of 
increased safety. 

Graphic Method of spacing Hoops.—The following simple geometrical 
method enables the number and _ posi- A 
tion of the hoops to be determined very 
quickly. Draw a vertical line AB (see 
fig. 57) to represent the side of the vat 
to any convenient scale. At B draw a 
line BE at right angles to A B, and 
lay off BF equal to half the bursting 
pressure at the bottom of the vat. It is 
well known that the total tensile stress 
in all the hoops is then equal to the area 


bi the triangle A-BF, ie. to: BF x a 


This total stress divided by the safe 
load on each hoop will give the number 
of hoops required. Further, if we 
divide the triangle A BF by horizontal 
lines, 7, 41, 4, kg, etc., into as many equal 
areas as the number of hoops, then the 
intersections of these lines with the 
line AB will divide the latter in such 
a manner that each portion Bz,, 7, 7, etc., can be safely supported by one 
hoop. The construction necessary for this is the following :—Bisect A B and 
describe a semicircle on it. Then divide A B into the required-number of equal 
parts as at J) Jo 9394: 

From each of these points draw horizontal lines cutting the semicircle in 
h,h,, etc. Then with centre A and the respective radii Ah, Ah,, etc., draw 
circular arcs cutting A B in 7, 2, etc., and through these points draw horizontal 
lines 2, ky, 7,4, etc., which will divide the triangle A BF into equal areas as 
required. 

As each of these areas, for instance Bz, , F represents the pressure sustained 
by one hoop, it follows that a horizontal line through the centre of gravity of 
Bi, k, F will represent the resultant pressure, and the point where it cuts the 


Fic. 57.—Graphic Method of spacing 
Hoops. 
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line A B will be the correct position for the hoop. But for our purpose it is 
sufficient, and for some reasons better, to place the hoops in the following 
manner, so that, considering each section separately, the pressures above and 
below the hoop are equal. It is obvious that this can be done by dividing 
AB in the first operation into twice as many parts as there are hoops, by 
means of the intermediate points n,n, 75, etc., and by the same construction 
transferring these points to J, 1,, etc., on the semicircle, and back to the line A B 
at m, m,, etc., which will be the required positions for the hoops. In this way 
the trouble of finding the centre of gravity of each separate area is avoided, 
and the extra strength is provided for taking the pressure due to the swelling 
of the staves. 

Except for the purpose of clearly explaining the principles underlying this 
method, the drawing of the triangle and its subdivisions is not actually 


A 10:4 divisions 


+ LLL. eth tp 


Fic. 58.—Graphic Method of spacing Hoops on a 80-foot Vat, 


necessary. In the next diagram, in fig. 58, which is worked out to scale for a 
vat 30 feet in diameter and 8 feet deep, all unnecessary lines are omitted. 
The bursting pressure at the bottom in this case is 28,800 lbs., and therefore 


28,800 8 
2 


the total tensile stress in all the hoops is x == 57,600 lbs. If hoops of 


a 
1f-inch round iron with 14-inch screwed ends are used, then 5:2 hoops will be 
required. The line A B is therefore divided into 10°4 parts and the positions 
m,... mM, Of the hoops are found as before. 
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But by scaling from the diagram it is found that the distance between m, 
and m, is 19 inches, so it is better to use two hoops of smaller size in place of 
m;. In fig. 58 the upper part of the stave is dealt with separately by dividing 
it into four equal parts, and thus finding the positions, 7, m,, for two hoops of 
1 inch diameter throughout. In addition to these, it is necessary to put an 
extra hoop about 3 inches from the top. Theoretically this could be very thin, 
but in practice it is generally made the same size as those immediately below 
it, to avoid multiplicity of sizes. An extra hoop around the bottom completes 
the number. 

As regards the floor of the vat, it is only necessary to see that the material 
of which it is composed is strong enough to carry this load over the spaces 
between the joists or other supports, but this is a matter that is usually 
considered in arranging such supports rather than in the design of the vat 
itself. 

Construction of Timber Vats.—Vats are usually made of either red deal, 
Oregon pine, Californian redwood, or Kauri pine. 


Ao 
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Fic. 59.—Hoop Casting. 


For small clean-up vats up to 6 feet diameter, staves 4 inches wide by 14 
inches thick are used, with 43-inch check on to bottom and 3-inch chine. 

For vats up to 12 feet diameter the staves may be 4} inches wide by 2 
inches thick with §-inch check and 4-inch chine. Up to 25 feet, staves 6 inches 
wide, and for larger vats 9 inches wide, are usual, the thickness being 3 inches, 
check 2 inch, and chine 6 inches. 

The staves are planed to the proper bevel on both edges by hand or 
machine ; if by the latter, they should be hand-dressed afterwards. In first- 
class work the staves are also planed on both faces and thicknessed. The 
planks forming the floor of the vat are usually of the same thickness as the 
staves, but somewhat wider, being 6 inches for small sizes, 9 inches for medium 
sizes, and 12 inches for vats more than 25 feet in diameter. They should be 
planed in both faces and thicknessed, planed and hand-dressed truly square on 
the edges, which are generally grooved 2 inch wide and } inch deep, to receive 
clear pine tongues % inch thick and 1 inch wide. 

The hoops are usually made of round iron for small sizes, because they can 
be screwed at the ends, whereas with flat bar, separate screwed ends have to 
be welded on. For large sizes it is better to weld on screwed ends whose 
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section inside the thread is equal to that of the bar. In some districts the 
saving of material in this way is greater than the cost of welding, but the 
main object is to avoid any unnecessary metal in the hoops, because any excess 
is worse than useless, as it increases the difficulty of fitting them closely around 
the staves. So for large hoops some prefer to use flat bar iron. 

The hoops are made in several sections, which are connected by castings of 
the form shown in fig. 59, or in fig. 60. It is clear that each section must 
overlap the next one by an amount equal to ab (see fig. 59) at each end. If 

the overlap be made too 
long, it means expense of 
extra screwing at each end, 
but when it is too short, 
there is trouble in getting 


Seale on the last nut of each 
” ht cet ae hoop. A good practical 
Fic. 60.—Hoop Casting. length is obtained by mak- 


ing ab 9 inches for 20-feet 
vats and say 11 inches for 40-feet ones. The thickness of metal in castings 
should be about 4 inch less than outside diameter of screwed ends of the rods. 

The check in the stave to fit the bottom is sometimes made with parallel sides, 
as in fig. 61, in which case the bottom is left flat on the under side, and is only 
slightly bevelled on the upper side. Some makers prefer a check with inclined 
sides: in this case the upper and lower sides of the bottom are bevelled to the 
same angle as in fig. 6la. Either method gives satisfactory results, provided 
that the workmanship is good. * 

Timber vats are erected in the following manner. The joists are first 
placed in position and properly bedded, so that their upper edges are all truly 
level and in the same horizontal plane. The bottom planks are then laid 
down, the tongues fitted in the grooves, and the whole tightly cramped up 
or wedged. While cramped, cross strips are 
temporarily screwed down to the planks to 
hold the latter in place. The cramps are then 
removed and a circle struck out whose diameter 
is from 1 to 14 inches larger than the inside 
dimension of the vat, according to the depth 
of the check in the staves. The bottom is 
then cut to this circle and bevelled round the piggy 61, 61a.2 Sista Chee 
edge to fit the checks. 

In putting on the staves it is important that each stave as it is put in 
place should be driven on to the bottom as far as it will go, and also close to 
the previous stave. For if the first point is not attended to, the circle of 
staves when completed will be too large, and it will then be impossible to close 
the staves tightly on to the bottom. If the second matter is neglected, so that 
the staves when placed are as close as possible to the bottom, but not close to 
each other, it will then be impossible to properly close up the joints between 


\ 
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the staves, except, of course, near the top, where they can yield to the pressure 
of the hoops. A little experience and care soon enables a skilled joiner to 
adjust matters, so that when the hoops are screwed up the staves will close 
tightly against each other and, at the same time, against the bottom planks. 
If the completed vat leaks between the staves, a thin extra stave is needed, 
but if it leaks round the edge of the bottom, one of the staves must be made 
narrower. 

When all the staves are placed, a few hoops are put on and _ partially 
tightened up, after which the remaining hoops are placed in position and all 
are gradually screwed up. 

Spanners up to 30 inches long are used, and each hoop, while it is 
being drawn up, is well hammered, 
to bring it close to each stave. The 
joints in the several hoops should ae 
not be placed one over another, but 
should be placed “en échelon,” as Fic. 62.—Plank for bottom of Launder, 
shown in the various drawings of vats. 

Some engineers allow the abutting edges of the staves and floor planks, and 
also the tongues of the latter, to be smeared with a very thin layer of white 
lead in oil, while others prefer to rely only on the dressing of the timber for a 
tight joint. In Australia, the grooves and tongues in the floor are generally 
not used. 

An excellent method of making the joints thoroughly water-tight, and 
which may be adopted when very rich solutions are to be 
dealt with, is described by J. Mactear* as follows :—The 
planks to be used for staves are passed edgewise between a 
pair of rollers provided with a central projecting rib, under 
a considerable pressure obtained by weights and levers. These 
form a central groove 4 in. to # in. in breadth along each edge 
of the plank by compressing the fibre of the wood to a depth 
of in. When the plank afterwards passes through the planing 
machine, the whole of the wood projecting beyond this groove 

Fie. 63.— is planed off to the proper bevel, so that after the tank is 
Cross-section puilt and wetted, the compressed fibre expands and forms a 
of Launder. ; rhe ; : 

perfectly tight joint. This method, of course, involves the 
waste of 1 inch of material from each stave, which is, however, not a serious 


O 7 ‘d ’ 
b----+-- 27 -----=-- > 


matter. 
Timber Collecting-Vats.—In these, a circular launder is formed round the 


outside of the vat at the top in the following manner. Each stave, before 
erection, is checked about 4 in. deep on the outside, so that these checks form 
a continuous groove round the vat about 5 to 12 ins. from the top. The bottom 
of the launder is formed from 3-in. planks cut to the shape shown in fig. 62, 
which are fitted into the groove just mentioned. Short staves are driven on 


* Proc. Inst. C.E., 1894-5, vol. cxxi. part lil, p. 22. 
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the outside edge of these curved pieces, and drawn together by a couple of 
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Fics. 64, 65.—Slat Gate ; 
plan and section. 


light hoops, say # or 1 in. round iron, the result 
being shown in fig. 63, which is a cross section through 
the trough so formed. 

A slat gate for a wooden vat is shown in figs. 64 
and 65. Two uprights aa, fixed inside the staves, 
have grooves to receive the slats Db. Short pieces 
of pipe cc, with washers threaded on bolts dd, serve 
to keep the uprights from warping. The outflow 
orifice may be fitted with any suitable form of valve, 
if any cyanide treatment is to be carried on in the 
vat. When used for collection only, a spout cut from 
a 6-inch pipe can be attached to the vat by an ordi- 
nary pipe flange as shown. Suitable widths for these 
slat gates are—for 20-ft. vat, 1 ft. 6 ins.; for 25-ft., 
1 ft. 9 ins. ; and for 30-ft. vat, 2 ft. 

Quantities in Timber Vats.—By the use of either 
of the following formule the quantity of timber in 
a vat of any size from 10 ft. to 40 ft. diam. can be 
quickly found. The waste of timber in cutting the 
circular bottoms is allowed for, and the results are 
correct to about 14 per cent. of the total. 


Let D=inside diameter of vat in feet 
L=length of stave in feet 
F=number of feet of 9 ins, x 3 ins. deals 
C=quantity of timber in cub. ft. 
S=sq. ft. of timber reduced to 1 in. thick 


Then, 


F=aDL+0bD? 
C=cDL +dD? 
S=eDL+/D? 


The constants of the first terms are— 

a= 4°35 c=0°816 e=9°787 
The coefficients of the second term vary slightly with the diameter and 
are therefore tabulated below. 


TaBLeE LV.—Values of Coefficients b, d, and f. 


j 


Diameter of 

Vat in feet. 5 d Hy 
10: 1°210 207 2°724 
15 1°194 "224 2°688 
20 1°178 "221 2°652 
25 1°162 ‘218 2°616 
30 1‘147 216 2°592 
35 1°145 “215 2°580 
40 1°143 214 2°568 
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The same formule can be used for collecting-vats by adding 2 ft. 6 ins. 
to the actual length of the stave, to allow for the timber in the peripheral 
overflow trough. 

For the quantity of iron in the hoops we have no simple or exact formule, 
but the one given below is within 10 per cent. of the correct weight for hoops 
arranged according to the methods previously given. Thus, if W = total 
weight of iron in lbs., then 

W=(D+31){L+4)?x *004 


This looks rather complicated for the purpose, but when it is used with a 
table of squares, such as is found in engineering pocket-books, the amount of 
work involved is very much less than that of taking out the weights in detail, 
unless working drawings are available. The weight of the cast iron connec- 
tions can be taken at one-half to two-thirds of the weight of the hoops. 

Timber in Joists.—For deep vats with discharging tunnels beneath them, 
9-in. x 6-in. joists are generally used, spaced at 2 ft. 3 in. centres, and for 
shallow vats, 9-in. x 3-in. joists at 2 ft. centres are sufficient. The first case, 
including herring-bone struts, requires nearly 1 foot of 9-in. x 3-in. stuff 
per square foot of tank bottom, and the latter case, a little more than half 
this amount. Therefore, to obtain the quantity of timber in the joists, it is 
only necessary to multiply the area of the bottom by some number between 1 
and 0:5, depending upon the depth of the vat and the maximum width of 
opening spanned by the joists. The latter is usually not more than 6 ft. or 
less than 5 ft., and the following formule, with the same notation as before, 
will, in average cases, give an approximately correct result : 


F=0°'0436 DL +4) 
C=0'0082 D{L+4) 
S=0°0981 D{L+4) 


The above empirical formule, and others of the same kind which will be 
given later, are not intended for use in close estimating when drawings have 
been made, but they will be found useful in making rough estimates of cost, 
and for getting the relative costs of vats of various sizes under similar condi- 
tions as to material. 


CHAPTER XXXY. 
DESIGN AND CONSTRUCTION OF VATS. 
Section IT, 


Strength of Steel Vats.—In designing large steel vats, the quickest 
method is to use formule, such as those given below, to find at once the thick- 
ness of metal required at any depth. Generally, it is only necessary to make 
the calculation for the full depth, and to use the same thickness throughout. 


Let d=depth in feet from surface. 
w=weight of one cubic foot of the contents of the vat. Say 120 lbs. 
for average sand, or 72 lbs, for slime pulp at 4 to 1. 
p=pressure per square foot at depth d. 
D=diameter of vat. 
P=total bursting pressure in lbs. on any horizontal slice of the vat, 
one foot in height whose mean depth is d. 
¢=thickness of metal in side of vat. 
k =safe tensile stress in lbs. per square inch. 
Note.— For steel plates with single riveted lap joints, or butts with 
single covers, we may put k= 8620 lbs. 
Then rita 5 ohne eo : : y ; < ata 
i P= Daw 


The section of steel in square inches for each foot of depth=12 x 2¢, and 
the safe stress is therefore 24 At, and this must equal Ddw. 


Ddw 
kK fi x = —— * e . . . ° 3 
Therefore ¢ Sar (3) 


This is a general formula suitable for all cases, but taking the values for 
wand k given above, then for a sand vat, 
t= 24 =0°00058Dd 0 Se 
As an example, take a vat 30 feet in diameter and 10 feet deep. Then by 
equation (4) ¢=0:174, or say 7 inch. But, for constructional reasons, a less 
thickness than this should never be used, even for small vats. Therefore, for 
vats of smaller diameter, no calculations as to stress need be made, because 
the thickness required for rigidity and to ensure water-tight joints is always 


more than sufficient to safely sustain the internal pressure in these cases. 

For tanks with spherical bottoms, supported round their outer edge only, 
the required thickness can be found for the bottom plates by substituting r= 
radius of sphere, in place of D in the formulz given above. Thus (4) becomes 

t;=0°00058rd 


Taking, as before, a tank 30 feet diameter and 10 feet deep at the sides, 
256 
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but in this case with a spherical bottom curved to a 30-foot radtus, the depth 
at the centre will be 14 feet and the thickness must be 0°224, or say 4 inch. 

The following dimensions represent ordinary practice as regards thickness 
of plates. 

Up to 25 feet diameter and 10 feet deep, 7’; inch throughout. From 25 to 
30 feet diameter, if made in two rings, the upper ring may be °, in., the 
lower ring and bottom 4 in., from 30 to 35 ft, + in. throughout, from 35 to 
40 ft. 4 in. sides and 53, bottom. 


For single riveted lap joints the following sizes are suitable : 


For 3°; plates 2 in, rivets 13 in. pitch 14 in. lap 
1 3 

”? re ” Pi ” 13 ” 13 ” 

» «#16 ” g Oe] 12 ” 12 oe) 


Angle iron rings at top and bottom vary from 23 in. x 24 in. x 4 in. for 20- 
feet vats, up to 3} in. x 34 in. x 3 in. for 40 feet diameter, and the top angle 
may be $ in. narrower and ¢ in. less 
in thickness than the bottom one. 

When ordering vats for export 
ready for erection, the above par- 
ticulars, in addition to the over-all 
dimensions and position of discharge 
doors and other attachments, are 
sufficient. With regard to limiting 
sizes of steel plates, the following 
information, kindly furnished by 
P. & W. Maclellan Ltd., of Glas- 


gow, in answer to our enquiry, 
will be useful. Fic, 66,—Tank Joints, 


Scale 
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Limiting sizes, to be used with- 
out incurring extras, 25 feet by 5 feet for plates } in. thick, and 25 feet by 
6 feet for plates 35, in. thick. 

As regards the arrangement of plates, the same firm prefer to place the 
side plates vertically, each being the full depth of the tank, rather than in 
horizontal rings with lap joints. 

When, however, tanks have to be built at or near the mines, there are two 
reasons why the latter arrangement is usually adopted. First, because only 
small plates can be obtained ; and secondly, because the vertical arrangement 
requires bending rolls, whose width is equal to the depth of the tank, and such 
heavy machinery is not usually available in mining districts. The best joints 
can be obtained, under these circumstances, by using butt joints with cover 
plates for the vertical seams and lap joints for the horizontal seams (see fig. 
66). Also, in the bottom, the ends of the plates may with advantage be 
butted and covered. The only objection to this is the cost of cover plates and 
extra riveting. 


In laying out the plan of vat bottoms with small plates, the position of 
i 
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the discharge doors should be first determined, and the plates so arranged that 
the lines of rivets are clear of the doors. The reduction of waste to a minimum 
in cutting the circle should also be carefully considered. In fig. 67 a suitable 
arrangement of small plates for a vat 30 feet in diameter is illustrated. The 
projecting plates on the right-hand side of the figure are made of such lengths 
that the halves marked A, B, and C will be large enough to provide for the 


spaces a, b, and ¢ on the 


ene Wie ae left-hand side, so that 

pe AS Sh Oe the quantity cut to waste 

/ ie a en eee is very small. But, al- 
“yy 6-xe  6GiF ff 6x8 tl WF 
‘ uf | wi 


though it is quite possible 
to make satisfactory 
tanks with small plates, 
it is clear that, from 
every point of view, ex- 
cept as to time of de- 
Po oigeeaus Es, en livery, the advantage lies 
ae aie mee with tanks constructed 
of large plates in well 
equipped works. 

When the plates are marked off for the rivet holes, they should also be 
numbered for erection, so that there shall be no difficulty in assembling them 
in their proper relative positions. 

For erection, the following amount of labour is required in addition to a 
foreman—one riveter, one heater, and one holder-up, and two or three — 
labourers. A gang of this number should drive from forty to fifty rivets per 
hour of actual riveting, the number in any particular case depending slightly 
upon the size of rivet, but chiefly upon the facilities provided for heating and 
supplying the rivets. In bolting the bottom plates together, preparatory to 
riveting, they must be packed up sufficiently to allow the holder-up to get 
underneath. When the riveting of the bottom plates and angle iron is com- 
pleted, the whole bottom is lowered gradually and evenly on to its permanent 
seat. The side plates are then bolted to the angle ring and to each other 
temporarily, and the riveting of the side proceeded with, When the sides 
consist of two or more horizontal belts, each of these is finished separately. 

With plates of + inch or more in thickness, the joints can then be caulked 
in the ordinary manner with a tool ground to a cutting angle of about 70°. 
With thin plates which cannot be caulked in a satisfactory way, the joints are 
sometimes tarred before riveting, Some engineers recommend an insertion of 
tarred canvas in the joints of thin plates, while others rely on the riveting 
only. Probably, the latter is the best practice, as any small leaks can be 
taken up after the tank is completed by filling it with water containing fine 
slime well stirred up, or by using saturated lime water. In either case, when 
the leaks have been stopped, it is a good plan to rub paraffin wax or vaseline 
well into the seams on the inside of the tank. 


Fic. 67.—Arrangement of Bottom Plates. 
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Fig. 68 illustrates one way of providing for the fixing of the filter cloth at 
its circumference in a steel tank. A light bulb iron a is riveted on to the 
inside of the bottom curb ring 4, 
leaving a groove ¢ for the edge of 
the cloth between the bulb iron and 
the side plate d. The rounded edge 
of the bulb does not cut the cloth, 
which may be held in the groove by 
wooden wedges. Where very light 
sections of bulb cannot be obtained, 
flat bar iron may be used, but the 


upper edges should be well rounded Bain ee 
Collecti 
3 | | We rat, © 
Steel Collecting-Vats.—As with NSS 


wooden vats, these are simply made 
by adding a peripheral overflow 
trough, and sometimes one or more Fic. 68.—Fixture for Filter Cloth. 
slat gates. One method of con- 

structing the trough is shown in fig. 69, which requires no explanation. The 
slat gates are usually of timber, and practically identical with the form 
shown in figs. 64 and 65. 

Quantities in Steel Vats.—The sizes given on page 257 have been used in 
calculating the weights given in Table LVI. These weights are useful, not 
only for estimating the cost of the vats, but also in designing the supporting 
structure, especially when columns and girders are used. 


7 2 3 ins 


Taste LVI.—Wetght of Material in Steel Vats, including waste in cutting, 
also Angle Irons, Rivets, and Laps. 


Diameter in feet. 
Inside Depth 


in feet. 
20 25 30 35 40 
6 6,390 9,020 15,180 - 19,720 29,410 
7 6,920 9,660 16,300 20,990 30,780 
8 7,440 10,290 17,370 22,240 32,160 
9 7,960 10,910 18,380 23,470 33,550 
10 8,470 11,550 19,390 24,690 34,950 


The figures given for 30 ft. diam. appear, at first sight, to be too large, 
relatively to those in the other columns. ‘This is accounted for, however, by 
the change from ;%,- to }-in. plates at that diameter. 

For collecting-vats, take a greater depth to allow for the metal in the 
trough and the extra rivets. - 
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Masonry Tanks.—In a very few cases, cyanide tanks have been formed by 
excavations lined with brickwork set in cement, and in very hard, solid ground 
these have proved satisfactory from an engineering point of view. But they 
should never be constructed on sites where there is any chance of settlement, 
for, although this may be sufficiently overcome as regards the strength and 
stability of the tank considered merely as a mechanical structure, it may, 
nevertheless, cause fine cracks in the cement lining, which result in leakage of 
solution that cannot be recovered, or even accurately gauged. 

Brick tanks have also been constructed on the surface of the ground, but 
this method is also very seldom adopted at the present time, so that it is not 
necessary to give any detailed rules for their design. The walls must be 
designed in the same way as low masonry dams, but for a fluid weighing 
120 lbs. instead of 62°4 lbs. With this difference kept in mind, the ordinary 


rules given in engineering books of reference will apply. 


FOUNDATIONS AND SUPPORTS FOR VATS. 


Timber Framing.—Vats should be carried on timber supports only in 
temporary plants, or in cases where timber is so cheap that the saving in first 
cost will outweigh the disadvantages of this construction. Fig. 70 shows a 
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Fia, 70.—Timber Lived Tunnel. 


timber lining for a tunnel excavated in the ground, and the cheapest method 
of supporting a leaching vat above it. This would be suitable for a temporary 
plant on sloping ground of the general design shown in figs. 34 and 35. The 
sleepers should be solidly bedded, well beaten down, and allowed to settle for 
a few days, under a considerable weight if possible, before the joists are 
permanently fixed upon them. Each joist should be then carefully fitted to 
the sleepers so that all the joists are flush and level. The framing, lagging, 
and sleepers should be well tarred before putting in place ; and if the work is 
well done, this construction may be relied upon to last for several years. The 
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frames should be placed at such distances apart that each frame comes under 
a joist, to which the top distance piece can be nailed. Otherwise the latter 
would need to have a much greater scantling. 
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Fics. 71, 72.—Timber Foundation Frame (Plan and Section). 


Fig. 71 is a part plan of a timber frame for carrying a 24-ft. vat above the 
ground, and fig, 72 is a section through the centre of the same. In designing 
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a support of this kind, it is necessary to lay out the circle of the vat, and the 
position of the discharge doors and joists. The frames can then be arranged 
to leave a clear track under the doors, and also to support the joists to the best 
advantage. Thus, for instance, particular care should be taken that over- 
hanging ends of joists, such as that shown at B, shall be as few and as short 
as possible. A sufficiency of diagonal struts in doth directions, namely, in the 
separate frames and at right angles to them, is also of the utmost importance. 
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Fries. 73, 74.—Masonry Lined Tunnel ; Section on a) and ed and Half Plan. 


Framing of this description should never be bedded on the ground, but upon 
good stone sleeper walls built in lime or cement, or upon well driven piles. 

The following table gives average quantities of timber in the two kinds of 
supports above described. 


Taste LVIT.— Quantities in Timber Supports, exclusive of Jorsts. 


As in Fig. 70, As in Figs. 71 and 72. 
Diameter on Be 
of Vats 
in feet. Square feet Square feet ‘ 
one inch thick. Cub. feet. one inch thick. Cub. feet. 
16 684 57 1389 116 
18 850 71 1488 124 
20 5 920 77 1646 137 
22 1100 92 1836 153 


24 1183 99 2161 180 
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Masonry Foundations for Vats.—These are almost invariably built in 
hammer-dressed rubble masonry, worked to level courses about every 2 feet 
of height, set in good hydraulic lime, and pointed with Portland cement on 


Sigel , TRVOK SINNOTT 
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Fic. 75.—Half Elevation at End of Tunnel and Half Cross-section through Tunnel. 


exposed faces. When the bottom of the vat is about level with the surface of 
the ground, so that the discharge tunnel has to be excavated, the type shown 
in figs. 73 and 74 will be found suitable. The minimum clear height in the 
tunnel should be 6 feet to allow men to work comfortably, and therefore 
efficiently. A fall of at least 1 in 100 should be given to the tunnel floor for 
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Fics. 76, 77.—Pier for Single-tier Vats ; Section and Half Plan. 


drainage ; and where trucks are used for discharging, refuge recesses, as at e@, 
fig. 74, should be formed at intervals in the side walls. Where rope haulage 
is used, these recesses should be particularly large and frequent, but it is still 
better in this case to make the tunnel of greater width than shown in the 
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drawings, which represent the minimum required with 20 cubic feet side tip- 
ping trucks, worked by hand. Fig. 75 shows a suitable section for the 
foundation of a 32-fect vat, with two tunnels underneath, Foundations such 
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Fic. 78.—Pier with Projections for carrying Staging ; Half Plan. 


as these would be used in plants arranged as in figs. 34, 35 for the treatment 
vats, and also for the lower vats in figs. 36, 37. 

When vats have to be supported above the surface of the ground, the 
neatest arrangement consists of a circular pier, with several inside parallel 
walls to carry the vat joists, as 
shown in figs. 76 and 77. The 
stone work is only carried down 
2 feet below the surface level in 
fig. 76, and this depth is also 
assumed in the quantities given 
in Table LVIIT. on next page. 
But, of course, in each case the 
actual depth is determined by 
the nature of the ground as 
proved by trial excavations, and 

Fic. 79.—Pier for Double-tier Vats; Half Plan, | the importance of this point 

cannot be overestimated. 

Sometimes circular piers are built with projecting portions, as in fig. 78, 
for carrying the trestles of overhead staging or the iron columns for an upper 
tier of vats. Another arrangement often adopted consists of a number of 
straight parallel walls, as in fig. 79, which is adapted to carry a lower vat 25 
ft. diam. and eight cast iron columns supporting an upper vat. In this case 
properly dressed hbedstones ¢¢ must be built into the walls to receive the bases 
of the columns. This is the ordinary form used in double-tier plants, such as 
that shown in figs. 41 and 42. 
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When necessary, manholes should be provided to allow access to the 
under side of the tanks, as in figs. 76 and 77, where two openings for this 
purpose are shown in plan and one in section at aa. 


TaBLe LVIII.— Quantities in Masonry Foundation in cubic yards for one Vat, 
when built on Cemented Gravel or other hard soil, two feet below Floor Level. 


As in Figs.) As in Fig. 


Circular Pier. Parallel Walls, |Parallel Walle. 


Diam. * bog As in Figs, |asin Figs. 78,| as in Figs. 
73, 74. ide Pier. 

of Vat : (OR Ke VALU 79, 80. 

: Single Two Single é 

pokey Tunnel Tunnels. | Tunnel Two single Lwo 

: : ; Tunnels. Tunnels, Tunnels. 

20 36°41 7a 46°10 Sue os 
24 46°75 69°50 60°64 one 108°76 Ac 
28 59°21 85°75 88°15 88°15 131°32 165°28 
32 71°99 101°90 101 82 te 220°37 
36 a 120°74 116°74 Bat 238 °00 
40 142°50 161°48 “A 260°37 


Table LVIII. gives average quantities of masonry for several sizes of vats 
for some of the arrangements above described. These figures, together with 
the tables of prices in Chapter XLII, are useful in making provisional estimates. 


Fooungs & depths below surface uvconding ty nature of gruund: 
Scale 
‘ 6 


Ins 12 0 2 


7) 10k? 


Fic. 80,—Pier for Double-tier Vats ; Elevation. 


The blank spaces are left because they correspond to conditions which are 
Some diameters lend themselves to the spacing 


unlikely to occur in practice. 


of the walls better than others, hence the apparent discrepancies in the last 
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four columns. The figures are, however, correct, as they have been taken out 
from drawings made to a scale of + inch to a foot. 

Iron and Steel Supports for Vats.—When steel vats are used, rolled steel 
joists are now always employed to support them, unless old rails or some other 
cheap substitute happens to be available. In single-tier plants, and also in 
those with two tiers when the lower vats are carried on masonry walls, only a 
single set of fairly light joists is required for each vat, as in fig. 80. But in 
other cases these light joists rest upon main girders, which in turn are carried 
upon columns, as shown in the upper part of fig. 80 and in fig. 81. 

In many mining districts, land transport is a large item in the total cost 
of material of this description, and it is therefore the truest economy to use 
only the very best quality, such, for instance, as Siemens-Martin steel, in order 
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Fic. 81.—Pier of lron Supports for Double-tier Vats ; Elevation. 


to keep the weight of the material as low as possible. Most makers and 
dealers issue tables of stock sizes, with the corresponding weights and strengths, 
and in designing structures of this kind the best course is to obtain such 
tables for the particular brand which is to be used, and then to arrange the 
spacing of the joists and girders to suit some of the current market 
dimensions. 

It is necessary, first of all, to ascertain the maximum distance allowable 
between the joists which immediately support the bottom plates of the vat, 
this distance, of course, depending upon the thickness of the plates, and the load 
resting upon them. An approximate result may be obtained by considering 
only a strip of plate, say 12 inches wide, and calculating as for a solid beam 
of this width whose depth is equal to the thickness of the plate. In doing 
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this we shall, for the sake of simplicity, neglect the weight of the plate itsclf, 
as this forms a very small fraction of the total load. 

For a 1 vat foot in depth the load is 120 lbs. per square foot, and with a 
factor of safety =4 the breaking weight must be 480 lbs. per square foot, or 
40 lbs. per running inch of our hypothetical beam. Therefore if L=distance 
unsupported in inches and d=depth of vat in feet, the total breaking weight 
must be 40 dL, and the ordinary formula becomes— 


40dL— 12K B® 
By ah & 
Whence L?=22x 12KB 
40d 


The breadth Bis by assumption 12 inches, and for steel plates K = 12,000 
Ibs. 


Therefore lis 2082 


Jad 
For a depth of 10 feet, which is rarely exceeded nowadays for sand vats, 


this formula gives the distances shown below ; and allowing usual widths for 
the joists, we have also given the dimensions between centres. 


’ For ;°; inch plates .=12°3 inches, Between centres say 15 inches. 
i; a 3 99 16°5 ? 99 99 20 ? 
> 15 9 9 20°6 ce) 9 9) 24 ” 
» & Sang Aree, ae t5 y) ” 30 ” 


Vats have been erected in which the above figures are exceeded by as much 
as 25 per cent., and the plates have stood the strain, but in these cases the 
factor of safety must be less than is desirable for permanent structures. In 
some cases a floor of 3-inch deals laid on the flat about 3 inches apart is 
interposed between the vat and the joists. When this is done the latter may be 
placed at 4-feet centres for a vat 10 feet deep. The question whether it pays 
to use the timber in this way may be settled, under any given conditions as to 
relative cost of wood and iron, by finding the weight of joists required in 
either case, in the following manner. 

For {3,-inch plates without timber and with joists at 15-inch centres, the 
load per joist on an 8-feet space is 5:4 tons, and a 6-in. x 24-in. joist weighing 
14 lbs. per running foot is sufficient. So in this case the weight of steel per 
square foot of vat supported thereby is 11:2 lbs. 

Similarly we obtain the following figures : 


For 4-inch plates, joists weigh 10°2 lbs. per sq. ft. of vat. 
10 2) 9? 


a 
3 16 29 9 


With the deal floor and joists at 4-feet centres, the weight of joists is 8 lbs. 
per square foot of vat. So the saving at the best is only 3-2 Ibs. of steel 
against the price of 1 running foot of 9-in. x 3-in, deal. At the usual relative 


* Derived from formula for solid beams fixed at both ends,—see Molesworth, 28rd edition, 
p. 136, 
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prices of the two materials, it is clear that there is little difference in cost 
either way. Probably with ;,-inch plates the deals cause a slight economy, 
but with thicker plates it is cheaper to omit them. Their only advantage is 
that they afford a more yielding bed for the vat to rest upon. 

In laying out the main girders, it is necessary to keep in mind the well 
known fact, that the total weight of metal in the girders for any given load 
increases with the span, so that if the columns are too far apart the weight both 
of main girders and of joists will be unduly great. The Table LIX., when the 
cost per ton of the material is known, enables the designer to determine very 
quickly the extra cost of any proposed increase of span, or vice versa. The 
light sections are applicable to the joists and the heavy sections to the main 
girders. 


Taste LIX.—Showing relation between Weight of Rolled Joists of Siemens- 
Martin Steel and the Safe Load carried by them when Factor of Safety = 4. 
First column of each pair relates to a long ton of 2240 lbs. The second 
is obviously applicable to short tons or any other measurement. - 


Light Sections from 4 in, x3 in. | Heavy Sections from 12 in, x 5 in. 
to 10 in. x 6 in. to 18 in. x 7 in. 


Span in feet. 
Weight of Joists | Weight of Joists | Weight of Joists | Weight of Joists 
in Ibs. per ton | expressed as per-| in lbs. per ton | expressed as per- 


of load. centage of load. of load. centage of load. 

6 14°96 0°67 Fy: 

8 23°72 1°05 ‘a 
10 30°37 * 1°36 aes re 
12 39°79 Lett 21:07 0°94 
14 49°20 2°20 27°41 1°22 
16 62°72 2°80 35°81 1°60 
18 74°96 3°35 45°48 2°08 
20 87°25 3°89 55°95 2°50 
22 me Ke 68°25 3°05 
24 eee eas 81°29 3°63 
26 ae a4 95°84 4°28 


Columns.—Cast iron is generally used, but in cases where transport to 
the mine is exceptionally difficult, stanchions of rolled steel sections may be 
recommended as being less liable to accidental breakage. As shown in Table 
LX., there is very little difference in the weight of material required in either 
case, but cast iron is cheaper per ton. From this table the quantities required 
for any given load can be readily obtained for estimating purposes. 

Fig. 81 shows a pair of superposed vats, both of which are carried upon 
cast iron columns. 

In fig. 80 the masonry walls are the same as those shown in plan in fig. 79, 
and the upper and lower vats are each 25 feet in diameter. It is, however, 
also quite common, and indeed somewhat better practice when all the vats are 


DESIGN AND CONSTRUCTION OF VATS. 269 


in one line, to have the top vat of larger diameter and less depth than the 
lower one, so that part of its weight comes directly ever the columns, as shown 
in fig. 81, thus leaving less weight to be supported by the girders. The 
columns should be stayed by diagonal ties of 14 to 14 inch round iron 


TaBLE LX.—Relation between Weight of Columns and Loads 
sustained by them. 


Cast iron Columns. Steel Columns. 
Factor of Safety =5. Factor of Safety = 4. 
Height of © 
Column in 
feet. Weight of Weight of Weight of Weight of 
Column in lbs. | Column as per- | Column in lbs. | Column as per- 
per ton of load. | centage of load. | per ton of load. , centage of load. 
6 4°56 0°20 4°95 0°22 
8 6°02 0°27 6°45 0°29 
10 7°96 0°36 8:32 0°37 
12 10°22 0°46 10°76 0°48 
14 13°14 0°59 14°11 0°63 


16 16°67 0°74 18°29 0°83 


between them, and means must be provided for tightening these up when 
in place, such as the central ring with nuts inside it, shown in the drawings. 
Holding-down bolts for the columns must be built in the masonry, and the 
main girders should be connected by plates and bolts where they meet or top 


Fics. 82, 83, 84.—Filter Frames. 


of the columns, and the joists also bolted to the girders where they cross the 
latter over or close to a column, thus binding the whole of the separate parts 
into one complete and rigid structure. 

Filter Frames.—The filter cloths of leaching vats are supported on 
wooden frames, which are generally constructed in the following manner. A 
number of slats laid on edge are parallel to each other, at about 6 to 9 inch 
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centres, and on the top of these, at right angles to each, there are nailed a 
series of wooden strips, with l-inch spaces between them, as shown in figs, 82, 


83, and 84. 
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For wooden and masonry vats the usual dimensions are :—Slats 3 inches x 
1 in. at 6-in. centres. Strips 1 in. x 1 in. The quantity of timber in 
such a frame is exactly equal to the area covered by 1 in. thick, or is equal 
to 0:0833 cubic ft. for each square foot of vat area. 
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Fic. 85.—Filter Frame. 
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For large steel vats the sizes shown in figs. 82 and 84 are suitable. In 
this case the quantity of timber per square foot of vat is 1°272 square feet, 
reduced to 1 in. thick, or 0°106 cubic foot. The frame should be made in 
several separate sections, each section being braced by diagonals let in flush 
with the tops of the slats before the strips are nailed on, as shown on the 
left-hand side of fig. 85. The ends of the slats and strips should be about 
1 inch clear of the sides of the vat. 

The filter cloth lies on the strips, and in wooden vats is sometimes nailed 
to the sides by #inch clout nails. Otherwise a curved strip of wood or iron 
(see fig. 68) is fixed round the inside of the vat, and the edge of the cloth is 
tucked in and wedged between this and the side of the vat. Sometimes 
boards pierced with numerous holes are laid flat on the slats instead of the 
strips to support the cloth, but this is inferior to the method illustrated, 
because it considerably reduces the effective filtering area. 

Filter Cloths for Vats.—Cocoa-nut fibre matting is the most usual 
material for this purpose, and it may be used alone, or preferably with a cloth 
of hessian above it. The matting should be of the best quality obtainable, 
but as regards the hessian, a medium quality should be selected, as it filters 
better than the more expensive kinds. Canvas and duck have been 
occasionally tried, but cannot be recommended for this purpose. 

The filter cloths are made up to a circle 10 to i2 inches larger than the 
vat, and when made in sections, these separate parts should overlap at least 
6 inches when laid in place, this overlap being in addition to the extra 
diameter above mentioned. The outside edges are bound with strong canvas 
6 inches wide, and the edges round discharge holes with 4-inch canvas. 
Instead of making the holes in the main filter cloth a tight fit round the 
discharge tubes, it is more convenient to use at each door a_ separate 
hessian mat, about 3 ft. 6 ins. square, with a central hole in it, so cut and 
bound that it will spring tightly around the discharge tube, and so cover the 
larger hole in the main cloth. 

Shovelling Strips.—To preserve the filter cloth from damage while 
shovelling out the residues, strips are lightly fixed above it, at right angles 
to the strips below. Pieces 2 in. x 1 in. laid flat are sufficient for the pur- 
pose, with 6-inch spaces between them, and they should be fixed with as 
few screws as possible, so as to be readily removed. 

Discharge Doors for Vats.—Bottom discharge doors, attached to the lower 
end of tubes passing through the filter cloth and frame, were introduced by 
Chas. Butters in 1891 in Johannesburg, and these are now used, sometimes 
with modifications in detail of construction, in all parts of the world. The side 
discharge door, whose lower edge is flush with the filter cloth, was introduced 
by W. R. Feldtmann about the same time, but, for the reasons given below, the 
latter is not as good as the former. For instance, in a 20-foot vat with one 
central bottom discharge, none of the material has to be shovelled more than 
10 feet, and the average distance is 6 feet 8 inches, while, with a single side 
discharge in the same vat, some of the material has to be moved 20 feet, and 
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even with two side discharges, diametrically opposite to each other, the 
maximum distance is still 14 feet 2 inches. But the diagrams figs. 86 to 89 
show more clearly than a written explanation the relative merits of side and 
bottom discharge. 

Fig. 86 shows a vat with one central bottom discharge a and two side 
discharges ) b. Fig. 87 has two of each kind. In each of these two diagrams 


Fie. 86.—Discharging Residues. Fie. 87.— Discharging Residues. 


the cross hatching indicates the portions of the vat contents which can be 
removed with equal labour by either system, that is to say, the portions which 
lie symmetrically between the rival doors. Further, in diagram fig. 87 the 
single-hatched portions show the additional amounts that can be discharged 
with the same maximum throw as for the cross-hatched portion ; the left-hand 
side of the figure shows the extra amount for the bottom door, and the right 
hand of the figure for the side discharge door. The advantage of the first- 
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Fic. 88. —Discharging Residues, Fic. 89.—Discharging Residues. 


named is very apparent ; and it is also evident that in both figures the bottom 
discharge door is much more favourably situated for the removal of the remain- 
ing unhatched portions. 

Fig. 88 shows on the left hand for bottom doors, and on the right hand for 
side doors, the amount of material that can be discharged by the two methods 
respectively, for the series of shovelling limits indicated by the various kinds 
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of hatching. Fig. 89 is a similar diagram for four doors of each kind. In 
both these figures the darkest shading shows the material included within a 
radius of one-eighth of the vat diameter, the next zone has a radius equal to 
one quarter of the diameter of the vat, andsoon. The general result indicated 
is that, with a short throw, the bottom doors discharge twice as much as the 
side doors, and are therefore much more economical in practical work. 

Best position for Discharge Doors.—Although it may appear to some tc 
be an unnecessary and unpractical refinement, it is, on the contrary, distinctly 


Fig. 90.—Vat with Two Fic, 91.— Vat with Four Fic. 92.—Vat with Six 
Discharge Doors, Doors. Doors. 


advantageous in practice to take some trouble to ascertain the best possible 
position for the doors, because this affects the cost of removal of every tankful 
of residues. It is generally convenient to have the same total quantity of 
material delivered from each door, therefore the first rule is to divide the 
bottom of the vat into as many equal areas as the number of doors. The 
second rule is to place each door at the centre of gravity of its own section, 
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Fie. 93.—Vat with Seven Doors. Fic, 94.—Vat with Eight Doors, 


which can be easily found by the experimental method given in Molesworth’s 
Pocket-Book (23rd edition, p. 367). Having done this, the positions have then 
to be altered sufficiently to bring the doors into a series of straight lines. This 
will then be the best result from theoretical and practical considerations com- 
bined, and the supporting structure of the vats should be laid out so that the 
discharging tram lines or conveyors can be placed along the lines so found. 
In figs. 90 to 94 we have shown suitable arrangements for various numbers of 
doors, which have been worked out on the lines above indicated. 
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Fics. 95, 96, 97.—Butters’ Discharge Door, 
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For two doors (fig. 90), the distance a= radius of vat x -4244. 

For four doors (fig. 91), a also=rad. x 4244. 

For six doors (fig. 92), b=rad. x ‘4 and ¢ = rad. x ‘55. 

For seven doors (fig. 93), d = rad. x 60, e = rad. x ‘66, and f = rad. x 
1D. 

For eight doors (fig. 94), g = rad. x *4 and h = rad. x 4°13. 

The Butters Discharge Door.—Figs. 95, 96, 97 illustrate a 16-inch 

door of cast iron applied to a wooden vat. A circular hole, 16 inches in 
diameter, is cut in the floor of the vat; a cast flanged tube a is placed above 
this, a flange b below the opening, and the two are bolted together by six 
3-inch bolts (c) passing through the wood. The upper side of the door d and 
the lower side of the flange 6 are faced in the lathe to ensure a well-fitting joint. 
A tee bolt e rests on snugs //' which are cast in the tube a. This bolt passes 
through a central hole in the door, and the latter is screwed up tightly by a 
butterfly nut g on the tee bolt. A washer h is usually 
placed between the door and nut, and the bosses of 
both should be turned truly square with the axis of 
the bolt. When the door is screwed home, the tube 
is filled with sand and a slab of well worked clay is 
pressed carefully over the top of the tube a to make 
a water-tight joint. The tank is then ready for filling. 
When the residues are to be discharged, a truck is 
placed underneath and the door is taken off. Often- 
times it is sufficient to push a rod down through 
the sand to start it running through the door, 
but sometimes it is necessary to dig a hole down 
to the discharge tube. As it is somewhat dangerous 
to dig down more than 8 or 9 feet, an additional 
device has been used for vats of this depth and 9.2.4.9, 8 1072 Inches 
over, and this is shown in fig. 98. A sheet of § steel pig o¢ ites oayhys 
is bent to form a nearly complete tube 7, leaving, Tube. 
however, a longitudinal slot / about 2 inches wide. 
It is bound and stiffened by two rings of flat bar iron jj, 2 in.x4 in, 
The lower end of the tube fits into the tube a of the discharge door, and if 
necessary the lower end of a second tube fits the top of the first, and so on. 
These tubes are fixed in place before the vat is filled, and consequently, 
for discharging, it is only necessary to dig down in the first place till the 
uppermost tube is reached. These tubes are successively removed as the 
work of discharging proceeds. 

A quick way of piercing a hole and starting the sand to run out is by 
means of a fine jet of water under pressure, applied at the top directly over the 
discharge door. A half-inch hose pipe will pierce 10 feet in a few minutes by 
this means if a fairly high pressure is available. 

A very simple form of door has been used in 8. Africa and America, which 
consists merely of a taper plug and a plate with a hole of corresponding taper 


ME O1 MD 


ll 


TSA ee ||| 
WITT : i 


276 CYANIDING GOLD AND SILVER ORES. 


attached to the vat. A long handle fixed to the plug projects through the 


top of the tailings, so that the plug may be withdrawn when required. 
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Fics. 99, 100.—Hinged Discharge Door ; Section and Plan, 


not so safe, as regards leakage, as the more usual forms, and it sometimes 


happens that the plug sticks, and is not readily removed when required. 
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Hinged Doors.—Figs. 99 and 100 illustrate a very convenient form of 
discharge door made by the United Engineering Coy. of Johannesburg, to 
whose courtesy we are indebted for the drawings. It is made almost entirely 
of pressed steel, and consists essentially of a flanged tube made in two parts a 
and 0, a door ¢, and a lever d, which is pivoted at its centre to the door, hinged 
to the bracket e at one end, and supported at its other end by a swinging bolt f. 
The details of its construction can be well understood from the figures 
without further description. For discharging, the nut g is slackened, the bolt 
J is swung to the right and the lever and door are swung to the left on the 
pin hk. The door may be left hanging downwards, or it may be hooked back 
on to the bottom of the vat, out of the way of the workmen in the tunnel. 
It may be noted that the leverage obtained when screwing up is twice as great 
as it is with the central bolt in fig. 96, and by dispensing with the bolt hole in 
the door one possible source of leakage is avoided. 

With either form of door a gasket of rubber or of asbestos cord can be 
used to make good the joint between door and flange. 

Square doors hinged on one side are made by the Pacific Tank Coy. of San 
Francisco. In these a removable bridge bar is attached at both ends by bolts 
to the door frame, and carries a central set screw with a wheel handle to press 
the door home. 

Distributors for Collecting-Vats.—The best automatic apparatus tor 
delivering battery pulp to collecting-vats is the distributor devised by Chas. 
Butters and the late G. A. Mein, which is illustrated in figs. 101 and 103, 
these being a section and plan respectively. Fig. 102 shows the method of 
staying the central pipe which carries the apparatus. 

The movable part consists of a casting a, carrying a sheet iron hopper 0. 
This casting is keyed to a vertical steel shaft c, and is provided with six radial 
pipes dd, attached to it in the following manner. Short lengths d, of these 
pipes, having both ends screwed, are laid in the mould in the foundry and cast 
in, thus avoiding the cost of boring and tapping the holes in the casting a. 
A flat nozzle e, formed of sheet iron and brazed on to a pipe socket, is attached 
by a bend and a suitable length of ordinary black pipe and another socket to 
each of the short pipes d, in the casting a. The latter is bored out for the 
spindle and also to fit the lower casting fat the part marked g. The lower 
casting / is bored to form a bearing for the shaft c, and also turned to fit the 
upper casting a, the idea being to exclude all grit from the bearing. At its 
lower end a steel plug / is screwed in to serve as a footstep for the shaft. 
The plug is turned slightly convex on its upper end, and one or more turned 
steel washers j are placed between the shaft and plug. The plug and washers 
should each be hardened and tempered. 

A pipe & with a flange at each end carries the whole apparatus, and is 
stayed by three rods J/1 clamped on to it, as shown at m in fig. 102. The 
outer ends of these stay rods pass through the staves as seen at m, and are 
held by nuts and washers on either side of the timber. 

An oil pipe o is provided for lubricating the bearing and footstep. 
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When the pulp enters the hopper 0 it passes out by the radial pipes dd 
and the nozzles e, and the reaction of the issuing water against the bends 
at the outer ends of the pipes dd is sufficiently powerful to cause these pipes 
to revolve in the direction shown by the arrows. In consequence of this 
rotation, each pipe delivers a stream of pulp over an annular space in the vat, 
and the pipes must be so adjusted, as to their relative lengths and diameters, 
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Fic. 101.—Butters-Mein Automatic Distributor in sectional elevation. 
Fic. 102.—Plan of connection with staves. 


Inches 72 6.35 oO 


that the supply of pulp is as nearly as possible equal on every unit of surface 
of the vat. For instance, if the pipes are of equal diameter, and the inclina- 
tion so arranged as to give an equal discharge from each, then the area of the 
vat should be divided by circles into twice as many equal areas as there are 
pipes. The length of each pipe is then determined by the fact that it feeds 
two of the areas so obtained, and that, therefore, its nozzle must be over the 
circle which divides these two areas. If the radial pipes have different 
diameters, the annular spaces must be proportioned accordingly, and the most 
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uniform results are obtained by having the longer pipes of larger diameter 
than the short ones. Also, it is generally advisable to make the longest pipe 
less than the length determined as above, so that it shall not deliver too close 
to the outer edge of the vat; and to achieve this practical requirement, the 
best plan is to design the pipes strictly according to the principles laid down, 


Inches 72. 


Fic. 103.—Butters-Mein Automatic Distributor in Plan. 


but for a vat 1 foot less in diameter than that in which they are to, be 
actually used. 

A wire screen with about three holes to the linear inch should be attached 
to the flange of the hopper by six small bolts and nuts, to prevent choking 
of the radial pipes by large pieces of ore or the like. 
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Stirring Gear for Slime Vats.—The sketches figs. 104 and 105 give a 
general idea of the arrangement of stirring gear generally used at present 
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on the Rand. A timber 
platform a, supported on 
trestle frames 0, is fixed 
over the line of vats, and 
carries a series of pedes- 
tals cc, with bearings for 
a horizontal countershaft 
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aovvase hung on these bearings 
by collars, and in other 
cases are provided at their 
lower ends with footstep 
earings on the floor of the vat. The paddle shafts are operated by bevel — 
wheels g g, driven by pinions ih, each of which has a clutch to throw it in and 
out of gear with its corresponding wheel. A gangway 2 is provided for the 
shiftmen to attend to these clutches and for oiling. The whole platform is 
well braced against vibration along its full length by diagonal struts /, placed 
in a horizontal position under the gangway. 
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Fic. 104.—Stirring Gear: end Elevation. 
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In Western Australia, agitation vats are often arranged in the same way 
as the well known Wheeler pan, 7.e. the bevel gearing is below the vat, and 
the paddle shaft passes up through a central tubular shield which forms an 
integral part of the vat. The paddles are attached near the top of the shaft, 
and pass down outside the central tube into the pulp. 


CHAPTER XXXVI. 
CONSTRUCTION OF OTHER ESSENTIAL PARTS OF A CYANIDE PLANT. 


_ Havine described the principal points of vat design and construction, the 
remaining features which are common to all plants may be dealt with in the 
following order :— 

Precipitation appliances. 

Apparatus for motive power. 

Pumps. 

Buildings to contain the above. 

Piping and cocks. 

Zinc Boxes.—Data taken from practice for determining the sizes of these, ac- 
cording to the quantity of solution to be dealt with, have been given in Chapter 
XX., so that it is only necessary here to describe the practical construction 
of the boxes. The box shown in figs. 106, 107, 108 is a fair specimen of the type 
generally used on the Witwatersrand, and of a size which is rarely exceeded. 
The sides, bottom, and ends are of 14-inch material, and this thickness should 
be used for all smaller sizes as well, because thinner stuff is liable to warp, and 
so cause leakage. Where timber is cheap or solutions rich, 2-inch planks may 
be used with advantage for the size illustrated. At the top and bottom of 
each side is a piece a, 3 inches square, to stiffen it, and to receive the vertical 
bolts 6 along the sides and the cross bolts ¢ under the bottom. The upright 
stiffeners d are also 3 inches square, and so spaced that the horizontal bolts e 
through the box pass centrally between each pair of partitions. In cutting 
the notches f in these uprights, care should be taken that the part between 
the horizontal stiffeners a is sufficiently short to allow the vertical bolts to 
draw the side planks tightly together. The same remark applies to the 
notches at the ends of the 44-inch by 3-inch cross stiffeners y under the 
bottom. All the timber should be machine-dressed all over, and hand-dressed 
in addition on abutting edges, which are also grooved and tongued. The 
tongues are separate, except those on the lower edges of the sides and the 
outside edges of the bottom, where in each case the tongue is formed on the 
outside edge of the plank itself, so as to weaken the longitudinal stiffeners « 
as little as possible. 

The partitions 2 may be of l-inch clear pine, the widest obtainable being 
used so as to have few joints. They must be cut very accurately to the width 


of the box, in order that they may not prevent the tightening up of the 
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bottom planks, on the one hand, or leave spaces between themselves and the 
sides, on the other hand. The joints in the partitions are generally tongued 
and grooved, and the joints between partitions and sides are made water-tight 
by nailing on 14-inch triangular fillets 4, as shown in plan in fig. 107. 

The box is bolted together with 4-inch bolts throughout, but instead of 
using ordinary 4-inch washers, it is better to use plates about 14 inch square 
by ;2; thick under the nuts and heads, so as to have a good bearing surface on 
the timber. 

Each compartment has a tray 7, supported on fillets /, nailed to the sides 
of the box. One such tray is illustrated in figs. 109, 110. It has sides and 
ends 3 in. deep by 1 in. thick, screwed to triangular corner blocks /, and the 
rectangular frame thus formed is covered below with +-inch noreening m. 
Handles 7 of 4-inch round iron are attached. 

Sometimes zinc boxes are made with a trough along one side. In this case 
each compartment has a hole in the side fitted with a wooden plug, so that 
when these plugs are withdrawn the precipitated gold sludge can be washed 
out of the compartments along the trough into a clean-up vat. It is a 
question whether the saving of labour by this means is worth the increased 
risk of losing gold. | 

Metal Zinc Boxes.— Boxes made of sheet iron or steel can now be obtained 
from several makers in England and America, and are either enamelled or 
painted on the inside. In ordering these it is necessary to specify that the 
paint or enamel shall not only be proof against cyanide, but also against acid 
or alkaline solutions. For if the steel is exposed and comes into contact with 
the zinc, a couple is formed which wastes zinc and deposits gold on the box. 

The Pacific Tank Coy. of San Francisco manufacture sheet steel boxes in 
separate sections of standard size, so that the number of sections is varied 
according to the quantity of solution to be dealt with. Each section weighs 
30 lbs., and contains one narrow compartment for the downward flow of 
solution, and one large compartment for upward flow, which contains one 
cubic foot of zinc shavings. An overflow lip is provided for the large com- 
partment, and the sections are placed on a descending series of shallow steps, 
so that each lip projects over the narrow compartment of the next succeeding 
section. ‘Two shapes are made, one being rectangular and the other circular 
in plan, and they appear to be especially suitable for small plants, because 
a multiplicity of separate vessels is not desirable ; andif the units are larger, 
they may with some advantage be made in the form of vats as described 
below. 

Zinc Precipitation Vats.—Reference has been made to the use of vats 
in cases where precipitation is effected by means of zinc fume, and for this 
purpose the construction is exactly. the same as for an ordinary solution tank, 
with the addition of pipes for admitting air to agitate the solution and zinc 
dust. | | 

But for ordinary precipitation with filiform zine, circular vats have been 
introduced in place of the usual rectangular box by W. A. Caldecott and 
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P. S. Tavener. In fig. 111 we give an illustration of the type used by 
Tavener, showing the means adopted to facilitate the clean-up operations. 
The vat is made of wood or steel, with vertical sides a, conical bottom 3, 
overflow trough ¢, and a central vertical pipe d for the inflowing solution, 
which corresponds to the alternate narrow compartments of the rectangular 
boxes. The solution is carried by a short launder from the circular trough c 
of each vat to the top. of the 
pipe d in the next one, so that 
the direction of flow is upwards 
through the zinc in every vat. 
A cross bar at the top and 
bottom of the pipe carries a 
bearing for the vertical spindle 
é, which has two blades ff under 
the perforated tray y, which sup- This space is 
ports the zinc shavings. These 
blades are rotated slowly when 
cleaning-up the vat, to stir up 
the gold slime, and to wash it 
out through the pipe A. 
Electrical Precipitation Boxes. 
—The construction of a recent 


filled with zinc 
shavings 


pattern of box for electrical pre- Lh 

eae : . mchesi2 9 6 3 O ? 2 Feet 
cipitation is shown in figs, 112 —— 
to 119. The box-is 38 feet long, Fic. 111.—Tavener’s Circular Zinc Box. 


6 ft. 1 in. wide, and 3 ft. 1 in. 

deep, all inside measurements. It is built of 12 in. by 3 in. Oregon pine, 
with all joints in outer shell grooved and tongued with clear pine tongues 
14 in. by 4 in. Each side is finished off on top with a strip a, 44 in. by 2 in,, 
laid on the flat. Material of the above dimensions is suitable for practically 
any size of box that is likely to be required. 

There are fifteen pairs of partitions of l-in. clear pine, grooved and 
tongued # in. by } in. These partitions are let into grooves 4 inch deep in 
the sides of the box to make a water-tight joint, and at the bottom the joints 
are made good by a triangular fillet. That side of each partition which faces 
towards the electrode compartments is covered with vertical strips 6 b, 2 ft. 
2 in. long by 34 in. wide by ? in. thick, with 4-in. spaces between them and 
#-in. spaces next to the sides of the box. These spaces form vertical grooves 
to receive the iron anodes ff, which rest on cross pieces of timber g, fixed at a 
suitable height. All the timber is machine-dressed on all faces and edges. 
The sides are stiffened by upright pieces ec, 3 in. square, and the bottom by 
cross pieces dd, 44 in. by 3 in. The bolts throughout are of -in. round iron, 
screwed at each end, the washers being 2 in. square and } in. thick. There 
are seventeen horizontal cross pieces e e of hardwood, 3 in. wide by 2 in. deep, 
one being fixed across the top of each narrow compartment and one across 
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the foot of the box. Each strip has a groove, 6 ft. long, ¢ in. deep, and 2 in. 
wide, cut in the top of it, which serves to hold mercury for making the 
electrical connection of the electrodes. 

The iron anode plates are sewn up in hessian, but a tinned iron wire, No. 5 
S.W.G., is previously brazed on to one corner of each plate. This wire is so 
shaped that when the plate is let down the grooves between 0 6 to its proper 
position, the free end of the wire dips into the mercury trough above 
mentioned. The support for each lead foil sheet (see fig. 116) consists of a 
single horizontal wire 2, of the same size, which is bent at the ends so that one 
end rests in a mercury trough on one side of the large compartment, while 
the other end of the wire drops in a hole in one of the vertical strips 0d on 
the other side of the same compartment. 

For the purpose of readily dealing with the deposit of sludge, each 
compartment is provided with a mudhole h, fited in the following manner 
(see fig. 119). A 3-in. hole is bored through the side, so low down that it cuts 
slightly into the bottom, which is also cut to fit a 3-in. flange, care being 
taken to place the hole so that the cutting for the flange does not go right 
through the projecting part j of the plank. The flange is bolted to the box 
on the outside of the hole, and fitted with a nipple, socket, and plug. By this 
arrangement the outlets project sufficiently from the side of the box, so that 
‘a trough can be temporarily placed under them when the sludge is to be 
withdrawn. 

A convenient method of supporting such boxes is to let them rest on 
three longitudinal bearers, 4} in. by 3 in., laid flat on the cement floor of the 
shed, with glazed tiles between these bearers and the cross stiffeners d d to 
ensure good insulation. 

Quantities of Material in Precipitation Boxes.—For steel boxes the 
weights generally are, and should always be, given in the makers’ catalogues. 
For wooden boxes, such as those described for zinc and electrical precipitation, 
a comparison of the actual material in several boxes, of widely different sizes, 
we find that the quantities may be pretty closely estimated by multiplying 
the gross contents of the box in cubic feet = K, by the coefficients given below. 


Let C=quantity of timber in box in cubic feet 
», S=square feet of timber reduced to 1 in. thick 


Then, on the average, 
C=K x 0°35 


The variation of the coefficient, for the cases examined, was only from 0°32 
to 0°37, and this variation was independent of the sizes. 


For square feet 1 in. thick, 
S=K x 4:20 
For the weight of iron in bolts, nuts, and washers, the coefficient varies 
rather more. 


For the zinc box illustrated, the weight in Ibs. is W=K x 1:13; and for the 
larger electrical box, W = K x 0°9. 
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These figures only apply to solidly built boxes, and not to the flimsy and 
leaky apparatus too often used in small plants. | 

Engines and Boilers.—It will not be necessary to say very much on this 
subject, because the former practice of providing a separate power plant for 
cyanide purposes is very seldom followed at the present time, as it is much 
more economical to have one central power station for the whole surface work 
of the mine, and to distribute the power to the various departments by 
electrical transmission. The following figures may be useful, however, in 
cases where separate engines and boilers. have to be provided for a cyanide 
plant. The relation between the size of engine and boiler required may be 
determined by the following simple approximate rules. 


Let d=diameter of engine cylinder in inches 
Then for single-cylinder high-pressure engines, actual h.p. = a? x °25., 


Let D=diameter of boiler in feet 
L=length a Me 


Then actual hp. at 80 lbs. pressure, 


For Cornish or Lancashire boilers =LD x0'5 
For multitubular or return tube boilers = LD? x 0°25 


Reckoned in this way, a boiler of any stated power will supply steam for 
an engine of equal h.p., or several engines aggregating the same amount, 
provided that they are all near the boiler, that the pipes are well covered, and 
that the stoking is good. But to provide for irregularities in working, it is as 
well to allow a margin of 20 per cent. extra boiler power in any case, and much 
more than this if the steam has to be carried in pipes to engines or pumps at 
some distance from the boiler, as is sometimes necessary in cyanide works. 

Estimating Power required.—For sand plants, power may be required 
for all or any of the following purposes :— 
Handling the material. 
Pumping solutions. 
Driving lathe for zinc cutting. 
Driving ball mill for grinding lime. 

5. Generating current for electrical precipitation. 
For slime plants there is also the additional item :— 
6. Driving paddles or centrifugal pumps for agitation. 

The first item varies so enormously in different cases that no general rule 
can be suggested, for in small plants manual or animal labour is usually 
employed, while in large ones it may include the driving of tailings wheels, 
mechanical haulages, etc. We can therefore only refer to such information as 
may be found in the chapters dealing with these matters. 

For the next three items collectively, viz., 2, 3, and 4, the usual requirements 
are fully met by the following rule:—For small plants from 2000 to 5000 
tons per month, allow 3°5 actual h.p. for each 1000 tons per month, and for 
large plants 2°5 h.p. per 1000 tons per month. 


yc herb ST 
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For electrical precipitation the usual formula is 


Volts x amperes 


=electrical h.p. 
746 


But to allow for loss in conversion, and for belting, etc., it is better to use the 


following :— 
VxA 


aaa =h.p. required from engine. 


In slime treatment, the power required for pumping and agitation in small 
plants of, say, 2000 tons per month, is 14 h.p. for each 1000 tons, and for large 
plants of 6000 tons and over, 12 h.p. per 1000 tons is a sufficient allowance. 
It may be roughly estimated that about half of this is actually used for 
agitation, and the other half for pumping solutions and transferring the pulp. 

Pumps.—As we have already seen, the power required for pumping 
solutions is very small, and consequently it is not necessary to consider the 
relative efficiency of the various kinds of pump from an economical point of 
view. Of course, with any kind of pump it is better to have an efficient one 
than an inefficient one, but the selection of the type to be used for any 
particular part of the work should be made solely on the grounds of con- 
venience and freedom from breakdowns. 

The principal factor upon which the type of pump depends, is the posi- 
tion of the main storage vats. (a) If these are above the level of the 
treatment vats, the solution can be run by gravity to them and through 
the precipitation boxes into small sumps below the latter. In this case each 
solution must be continuously and separately pumped back to the storage 
vats, and therefore one small pump is required for each separate solution 
(see fig. 125). It is also well to have one spare pump in addition to the 
three or four in use, so that any one can be replaced if necessary and re- 
moved for repairs. For this method of returning the solutions the duplex 
steam pump of the Worthington type is very suitable, also small centvri- 
fugals have been successfully used in some instances. The advantage of the 
duplex pump is that it can be adjusted exactly to the quantity of solution to 
be lifted, and will then run for hours without any attention. (b) When the 
main storage vats are below the precipitation boxes, the only pumping 
necessary is for supplying solution to the leaching vats from time to time, and 
for this purpose a pump of large capacity is most suitable (see fig. 122). In 
this case a centrifugal has many advantages, but as it must sometimes be 
placed above the storage tanks, it is then liable at times to give trouble in 
starting, and therefore in this case also a large duplex pump has much in its 
favour. 

In the third case, which is the more usual one in modern plants on flat 
sites, the storage vats are below, or level with, the treatment vats and above 
the precipitation boxes, so that both the above systems are required, viz., the 
continuous lifting from the small sumps to the storage vats, and the inter- 
mittent lifting from the latter to the treatment tanks. In this case, for the 
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last-named operation, the main pump can be placed below the storage vats, 
and a centrifugal can be used without any fear of losing its vacuum. It is 
therefore to be preferred on account of its capacity, simplicity, and cleanliness. 
Only one such pump is absolutely necessary if large enough, because when it 
is suitably connected, as described in the section on piping, it may be used 
for pumping each of the different solutions in succession. For instance, the 
whole of the solutions of a 2000-ton plant can be delivered to six leaching vats 
with a single 2-inch centrifugal, and the solutions of a 16,000-ton single-treat- 
ment plant have been delivered to five leaching vats with equal facility by 
one 4-inch pump. 

For plants with more than, say, 8 vats, and especially for double treatment 
where there are two sets of vats requiring different cycles of operations, we 
recommend the provision of two main pumps, each connected to all the solu- 
tion vats and capable of delivering to any treatment tank. In a double- 
treatment plant under normal conditions, each pump should supply only one 
set of tanks, so that the liability to mistakes is minimised; if one breaks 
down, the other can then do the work of both for the time being. 

In slime treatment, centrifugals are almost exclusively employed, both for 
pulp and solutions, with most satisfactory results, because they suffer less from 
grit in the slime than any form of pump with valves. 

Capacity of Centrifugal Pumps.— These are generally catalogued according 
to the diameter of their outlets; and although their capacity can be made 
greater by increasing their speed, so that no definite rule can be stated, yet it 
is better to be satisfied with moderate speed and delivery; not so much 
because this means greater efficiency, but because it reduces the wear and tear, 
and consequent liability to frequent stoppages. 

The Table LXI. is based on the average practice of several well known 
makers. 


TaBLE LXI.—Capacity of Centrifugal Pumps. 


Pee of Discharge in Guten tat Short Tons Long Tons 
ischarge Gallons Lae (2000 Ibs. ) (2240 lbs.) 
in inches. per minute, te : per hour. per hour. 
14 25 | 241 7°5 6°7 
2 50 481 15 13 
3 | 100 963 30 27 
4 180 1733 54 48 
5 330 3177 99 88 
6 500 4813 150 134 
7 670 6449 201 180 
8 | 900 8663 270 241 


We cannot give any general rule as to the speed at which the several sizes 
should be driven to obtain the above results, because this depends upon the 
diameter, which varies according to the maker. It must also be understood 
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that a delivery of, at least, 50 per cent. more than the above figures can be 
obtained if desired, and that this table is only intended to represent good 
practice in relation to cyanide plants. 

Steam Pumps.—For the low lifts generally required in cyanide plants, the 
steam cylinder should not be larger than the water cylinder, except when the 
latter is less than, say, 4 inches diameter, when the steam piston may have 
from 14 times to twice the area of the water plunger. With duplex pumps 
this is not of very great importance, as it means only a certain comparatively 
small waste of steam when the steam cylinder is larger than necessary, but 
with single pumps, wherein the main valve is operated by an auxiliary steam 
cylinder, it is very important to have the right proportions, because otherwise 
the pump knocks itself about at full load, and is very uncertain in its action 
when working with less solution at slow speeds. 

Other Pumps.—In some plants, Manchester donkey pumps have been used 
with good results. The points in their favour are that they give little trouble, 
they will run continuously at very slow speeds, are readily adjusted to the 
variable work required, and take up little floor space, because they can be fixed 
up against a wall. They are therefore suitable for elevating from sumps below 
precipitation boxes to the main storage vats. Geared pumps driven by a belt 
and crank are used in some works for this purpose, but their speed is not so 
conveniently varied as steam pumps, and if kept constantly working at full 
speed, are often simply pumping air. They are, however, generally more 
durable and less likely to get out of repair than steam pumps. One great 
objection to these pumps is that they require a line shaft to drive them, which 
is often Inconvenient to arrange for. 

Whatever type of pump may be selected, all the parts that come into 
contact with the cyanide solution should be made of iron or steel, and the 
packing in the stuffing box should be of asbestos or fibre saturated in vaseline 
or other mineral lubricant. 


CHAPTER XXXVIL 
PIPING, COCKS, LAUNDERS, AND BUILDINGS. 


Ir will be convenient to consider this part of the subject under three heads, 
namely :— 

(a) The delivery of solution from storage vats to leaching vats. 

_ (6) The conveyance of the solution from leaching vats to the precipitation 
boxes, and 

(c) The return of solutions to the storage vats. 

In all three cases the greatest attainable simplicity is desirable, in order 
that the arrangement of pipes can be readily understood and remembered by 
the man on shift. Also, for the same reason, the number of cocks should be 
as few as possible, and every cock should be placed in a visible and easily 
accessible position. These apparent truisms are often neglected in the design 
of works. 

(a) For putting the various solutions on to the leaching vats, it is well to 
have large pipes, so that the vats may be quickly filled, and suitable sizes for 
this purpose will be found in Table LXII. The simplest and therefore best 
arrangements are shown in figs. 120, 121, and 122. In each figure the storage 
vats are marked SS, and the leaching vats LL, while cocks are indicated by 
small black circles. 

In fig. 120, where the storage vats are assumed to be at a higher level than 
the leaching vats, as in figs. 30 to 33, each of the former has an outlet pipe 
which leads to all of the latter, and is 
provided with a branch outlet and cock 
over each of the leaching vats. Cocks 
are also placed at aa, but these are 
only necessary when the pipes have to 
be disconnected for any purpose. They 
are otherwise superfluous, so that in 
ordinary working they would remain 
always open, and may be neglected, in 
comparing this arrangement with other 
systems of piping, in respect of simplicity of operation. Under these circum- 
stances, it will be seen that the minimum number of cocks required is equal 
to the number of leaching vats multiplied by the number of storage vats. 

Or if N=number of leaching vats, and » the number of storage vats, the 
number of cocks will be Nn=12 in fig. 120. It is a good plan to paint 
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Fic. 120.— Arrangement of Pipes and 
Cocks. 
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these pipes different colours, such as red for strong solution, yellow for weak, 
and blue for alkaline washes. It is not necessary to paint them throughout 
their length, but only at the delivery cocks, so that the shiftman can make no 
mistake. This system of piping was at one time almost universally adopted, 
as it has the advantage that all the solutions can be supplied at the same 
time to any of the treatment tanks. 

In the next system, shown in fig. 121, one large pipe only is used instead 
of several smaller ones. Thus the solu- 
tions can be run on so quickly that the 
vats can be served in turn by the one 
pipe for all the different washes. This 
arrangement requires a little more care 
and attention on the part of the work- 
man, because at each operation he has 
to open one cock at b as well as one 

Fie. 121.—Arrangement of Pipes at c, and also has to see that all the 

and Cocks, other cocks are closed, especially the 
other 0 cocks. 

It has, however, the merit of great simplicity, and using the same notation 
as before, the total number of cocks required is only N+n=7 in fig. 121. 
This advantage is more apparent in plants with many vats; thus, with four 
storage and twelve leaching vats, the first system described above needs forty- 
eight cocks, and the second only sixteen. 

The arrangement shown in fig. 122 is usually adopted wh.n the solutions 
have to be pumped up to the leaching vats. It is essentially the same as 


Fig, 122.—Arrangement of Pump, Fic, 123.—Arrangement of 
Pipes and Cocks. Leaching Pipes. 


that last described, although it appears slightly different owing to the intro- 
duction of the pump P. It is important to note that in this case one of the 
delivery cocks cc must be opened before the pump is started, and it is a good 
rule to always leave open the last cock used until the next one required has 
been opened. Otherwise, with steam pumps, the pipes may burst, or with 
centrifugals, the belt will be thrown off. 

(0) For leaching purposes, each vat should have a separate pipe, with a 
separate visible outlet, because the flow of solution from the vat affords the 
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only evidence as to whether percolation is proceeding in a satisfactory manner. 
The best plan is to provide a pipe from each vat to the precipitation shed, as in 
fig, 123. These pipes may terminate close to the precipitation boxes B B, and 
each may be provided at the end with a piece of flexible hose, long enough to 
deliver into either of the boxes, as indicated by the dotted lines in fig. 123. Of 
course, instead of the hose pipes, each leaching pipe can have fixed branches 
to each precipitation box, but nothing is gained thereby except, perhaps, 
neatness of appearance, and the method is far less convenient in working. 

When leaching into a vacuum chamber, a closed system is, of course, 
necessary, and in this case a single pipe, with a branch from each vat, with a 
cock in the branch, is the simplest arrangement. 

(c) Returning Solution to Storage Vats.—When these are below the pre- 
cipitation boxes, fig. 124 shows the ordinary system of piping adopted when 
each box is used for one kind of solution only. No cocks are then required ; but 
if more than one kind of solution is passed at different times through the 
same box, its outlet pipe must be provided with branches and cocks for the 
corresponding storage vats. 

When the latter are placed above the boxes, the arrangement shown in 
fig. 125 is suitable. In this figure, boxes and vats are lettered as before, while 


Fig. 124.—Return of Solution to Fic, 125.—Return of Solution to 
Storage Vats. Storage Vats. 


ww represent small sumps, and P P are pumps. In this case also no cocks are 
required unless, as before, different solutions are passed through the same box, 
when the same modification is necessary. 

Table LXII. gives the sizes of pipes which have been ind suitable for 
the various purposes under the conditions above described. 

Piping for Slime Plants.—For this purpose such large sizes are necessary 
that wooden launders are substituted as far as possible, a practice which also 
assists the aeration of the pulp and solutions. 

The principal requirements are— 

(a) Decantation pipes. 
(b) Pulp transfer. 
(c) Residue discharge. 
(d) Solution pipes. 

If the decanted liquor can gravitate from the vat, it is only necessary to 

provide a short outlet pipe discharging into a launder as at a, fig. 126. ‘Lhis 
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is connected inside the vat with a decanting pipe b, whose upper inlet end ¢ is 
kept by a float just below the surface of the water when working. It is 


Taste LXII.—Sizes for Solution Pipes. 


Diameter of Vats. 


System of Piping. 
Under 20 to 26 26 to 32 32 to 40 
20 feet. feet. feet. feet. 


Charging vats by method shown in fig. 
ee 2 inch | 2} inch 24 inch 3 inch 
Charging by ‘methods of figs, 121 and 


| | 23 ) 3 9) 35 99 4 9 

Teenie from treatment vats as in fig 

| 1238, - icy, 136s; 14, 2 aes 
Returning to storage vats as in figs. 124 

| and 125,* . : 5 : ; ae Mean oi ik: Vice yt ee 


pivoted to a by a joint at d, similar in principle to that of an ordinary gas 
bracket, so that it can turn freely as the water level is gradually lowered. 
When the outflowing liquor has to be raised, the launder e may terminate in 
a sump. 

(>) For pulp transfer, a pipe system aa, shown in thin lines in fig. 127, 
is required, connected to the bottom of each vat, and through a pump p to a 


¢ ee 


Fig. 126.—Decanting Apparatus. Fic. 127.—Pulp Pipe System. 


second system of pipes ) b, shown in thick lines, which can deliver to any vat. 

(c) Where discharged residues have to be lifted, the arrangement in fig. 
127 will serve for this function also, by providing an additional outlet and 
cock to the pipes 0} to deliver the residues into a discharge launder fixed at 
the required height. When the residues can gravitate to their final resting 
place, short outlet pipes only are required, which discharge into a common 
launder, each pipe having a cock or plug. Or the pipes aa in fig. 127 can be 


* This last set of sizes depends really upon the size of precipitation box, The figures. 
given are for plants of six treatment vats, and must be increased when more vats are used, 
unless the number of boxes is increased in proportion. 


PIPING, COCKS, LAUNDERS, AND BUILDINGS. 293 


used for discharging residues, for which purpose they, instead of the pipes 0d, 
must be provided with an extra outlet and cock. 

(d) It is generally possible to use launders exclusively for the conveyance 
of fresh supplies of solution from the storage vats to the treatment vats, but 
pipes are usual for returning the precipitated solution from the boxes to the 
storage tanks. 

The following table gives approximately the sizes suitable for the various 
purposes above mentioned. 


Taste LXITI.—Szzes of Pipes for Slime Plants, 


Diameter of Vats, 
Purpose. | 
| Under | 20 to 30 30 to 40 j 40 to 50] 50 to 60 
20 feet. | feet, | feet. | feet. feet, 
fae a Senee 
Decantation, . : : : : . | 2$inch| 8 inch} 3$inch; 4 inch| 5 inch 
! . | 
Pulp transfer and residue discharge, .|3 ,,-|4 ,, | 5 ,, | TS ag ll ae 
Solution return to storage vats. . Se en ee ee 88 yy Ost so: | ss 
| | 


Fixing Pipes.—It is convenient when laying pipes to use crosses for con- 
nections at right-angled turns, as at c in fig. 128 instead of the usual bend 
shown at 5 in the same figure. The benefit arising from this is, that by 
removing either of the plugs d, the corresponding pipe can be readily cleaned 
out and obstructions removed. This practical advantage far more than 
counterbalances any frictional losses which may result from the substitution 
of the cross for the bend. Crosses can often be used in 
place of tees for the same purpose. It may be remarked 
incidentally, that all pipes and fittings in any one plant 
should be of one make only, as unfortunately the British 
makers have not yet adopted standard sizes and threads. 

Red-lead joints are unsuitable for permanent plants, 
because the action of cyanide causes leakage after a time. 
Paraffin wax melted in a little cylinder oil makes satis- 
factory joints for cyanide solution pipes. The portion 
of the piping which must be fixed with the greatest 
precautions is that between leaching vats and precipita- Fy, 128, Fixing 
tion boxes, because it is in this part of the circulating Pipe. 
system that the solution carries its maximum value in gold. 

All pipes laid below ground level should be placed in wooden troughs of 
14 inch stuff, with removable covers held by screws, the top of the covers being 
preferably level with the ground. af 


294 CYANIDING GOLD AND SILVER ORES. 


When pipes have to be carried overhead in the open, the device shown in 
fig. 129 forms a neat and effective support. In this figure, a is a 24-inch 
solution pipe resting on one-half 6 of a 3-inch cross which has been cut into 
two pieces, as shown in fig. 130, and which therefore serves for two standards. 
The half cross is screwed on to the pipe ¢, which is attached at its lower end 
to a base plate d by the flange e. 

Neat brackets for supporting pipes from sheds or tanks may be made from 
bends, flanges, and split crosses in a similar manner. 

Cocks.—The ordinary plug cocks are often 
used in cyanide plants, but are not at all suitable, 
as they soon wear from grit getting between the 
surfaces, and leak. Where employed, the plugs 
should be removed regularly, say once a week, 
and smeared with vaseline or other thick mineral 
lubricant, and when they show any signs of wear, 
should be refitted. This is often inconvenient, on 
account of the position of the cock, and for this 
reason it is more desirable to use packed cocks 
with stuffing boxes, such as the Peet valve, which 

Fras, 129, 130.—Pipe has been largely used in South African plants, or 
es psen that of the Ludlow Valve Man. Co., which is used 
considerably in America. 

The packing may be of asbestos, but a cheaper and effective material is 
hemp steeped in molten paraffin wax, thinned with a little cylinder oil. For 
rich gold solutions the more expensive Kelvin cocks and valves, made by the 
Palatine Engineering Co. of Liverpool, are to be recommended, but should be 
ordered with all parts made of iron or steel. 

Launders.—As the relation between the width and depth of launders is 
generally a matter of guesswork, it may be worth while to show very briefly 
how to arrive at a proper practical ratio between these two dimensions. 

If W be the width of launder and D its depth, then the cost is roughly 
proportional to W + 2D. 

The quantity of pulp passing through when running full is proportional to 


WD” 
W+2D 


WD x 


And the greatest economy is secured when 


Cost _W+2D /W +2D =() is a minimum 


Capacity WD WD 


That is to say, when W=2D. But in practice the depth of liquid should 
not exceed two-thirds of the depth of launder, in order to allow for the 
pulsations which always occur in the flow. Consequently we may say that - 
the best practical shape is obtained when the inside depth is three-quarters of 
the width. 
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The construction of a good solid launder, such as should be used for 
carrying solutions, is shown in fig. 131. When several have to be carried side 
by side, they can, with economy, be combined, as shown in the double launder 


Fic. 131,.—Launder, Fic. 132.—Launder, 


in fig. 132. The top distance pieces shown in the figures may be from 6 to 8 
feet apart. 

The minimum grade for launders carrying average tailings is 24 per cent., 
but 34 per cent. should be allowed where possible. For slimes from 2 to 2 
per cent. and for water 1 per cent. is a sufficient grade. 

Buildings.—For dry crushing plants, and in countries liable to heavy 
snowstorms for all kinds of plants, it is necessary to cover in the whole of the 
treatment works. But in places where the climate is favourable, it is now 
almost universal practice to provide cover only for the precipitation plant, the 
apparatus for cleaning-up, refining and melting, and all the machinery, while 
the tanks, classifiers, etc. are built in the open. As in many cases the refinery 


TasBLE LXIV.—Floor Space required in Sheds at Cyanide Works, 
in square feet. 


5 o i Oona ea ge i =| | 
pees ets | ets | eee | CS. pie ear HE 
gee | 8 a | Sam | S08 | 808 oS aes | 28a 
Poel Ss 6h | SS Sy '5 Bs = ae ES Si 8 
Ole 2 en oe HS = ears oO Es H a 
ee Se Ay a8 aes a py 
50 to a b c d é a, c, and e \a, b,d, ande 
100 270 260 1150 1320 200 1620 2050 
200 340 370 1280 1640 260 1880 2610 
300 410 480 1420 1970 355 2185 3215 
400 480 590 1580 2310 470 2530 3850 
500 550 690 1770 2650 590 2910 4480 
600 620 800 2000 3000 710 3330 5130 


and melting room are quite separate from the cyanide plant, and form an 
annexe of the general mine laboratory, we shall here consider only the 
following requirements. 
| (1) Boiler-house and machinery. 

(2) Precipitation and clean-up room. 

(8) Storeroom and office. 
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For the boiler house, a floor of brick or well rammed earth is suitable 
For the precipitation room, a concrete floor with a cement facing, finished in 
neat cement, should be provided, and no expense should be spared in a 
permanent plant to make this floor as perfect as possible, so that it can be 
easily swept and kept perfectly clean; otherwise gold will almost certainly 
be lost when cleaning-up zinc precipitation boxes. The floor should be laid 
with a slight slope, and should have a small half-round gutter formed in it, 
suitably placed to intercept all leakage and waste of solution, and to carry the 
same to a sump, from which it can be pumped through a filter press, and so 
returned to the storage tanks. 

A clear height of at least 12 feet below the tie beams should be 
allowed in all cases, in order to have plenty of air to dilute the hydrocyanic 
acid and other gases that escape, and in large sheds this height may be 
considerably increased with advantage. 

The Table LXIV. contains average figures for the floor space required for 
the various departments of the work for plants of different sizes. 

The figures in the above table do not represent the minimum space in which 
the apparatus can be placed, but allow room for convenient access to every 
part and for comfortable working. Where power is transmitted electrically to 
the shed the figures in columns a and } may be halved. 

Plenty of windows should be provided, and good lighting arrangements 
for night work. The office should contain a bench and shelves for testing 
work, a desk or table for the log-book, and a chair. It always pays to make 
-the shiftman comfortable and responsible. 


TaBLE LXV.— Scantlings for Sheds in Countries free from Snowfall or 

Abnormal Winds. Dimensions of Timbers and Rods are in inches. The 

— Roof Trusses are of the type illustrated in fig. 188, and are constructed of 
Timber, except the King and Queen Rods, which are of Round Iron. 


a hee 5 2g Cp 6 3 Soles dey 
Die PS ep = : Sa s| ' | Me Yate. 
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25)44x3| 8 | 453x818 x3[ 44x38] 4x3! 44x31 3x2 4a x8) J ee hee 
30/44x3| 8 |44x3/3 x3/4hx3]5 x31 44x313x22|44x3 2 gale 
35|5 x4 9 |44x38|44x316 x38/5 x8| 4k x3 3x38 |5 x4 1 Pa Beet 
40/6 x4; 9 (48x38) 44x3/16 x4/6 x816 x313x3 [5 x4| 4x4] 12] ZF] 8 
4516 x6} 10 |5 x4/\6 x3|7 x4/6 «416 x3h38x3 |6 x4) 5x4 Dees 3 
50/6 x6} 10.6 x4/16 x3/7 x4|6 x616 x3\|Sxa | 6 x aie 2 


The nature of the building will depend upon the materials available and 
the cost. Thus in Siberia log-houses are built for this class of work, as well 
as for dwellings. In N, America, where the climatic conditions are 
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also sometimes bad and severe snowstorms occur, heavy construction is 
required, and suitable rules for building in such cases can be found in engineer- 
ing books. But in countries where there are no snowstorms or abnormal 
wind pressures to provide against, a shed framed of comparatively light 
timbers and covered with galvanised iron is commonly erected, and is quite 
sufficient for the purpose. As we know of no published data applicable to 
these cases in a handy form, we give in Table LXV. dimensions of timbers 
suitable to these conditions, based on actual practice in South Africa, Victoria, 
and New South Wales. The table will probably be found useful in many 
other mining districts. 

In may be noted that the sizes given for the rods allow for the reduction 
caused by screwing the ends. If the ends are upset before screwing, the 
diameter may be reduced accordingly. For covering the shed No. 24 or 26 
gauge G.C. iron is almost invariably used, the former being preferable in 
permanent work. In the United States No. 23 gauge is about the same 
thickness as No. 24 English. 

Quantities in Sheds.—These may be roughly estimated in the following 


manner. 
Let K=gross contents of shed in cubic feet 
C=cubic feet of timber in framing 
W =weight of rods, nuts, etc. in roof 
w=weight of No. 24 G.C. iron. 
Then for large sheds or small sheds 
C=K x 007 ;, Kx “009 
Wes Ki Oli ee a x OLE 
rer Oe a eS 


Doors and windows must be reckoned by number and size separately. 
When there are internal partitions, these can be included in the above 
approximate quantities by calculating on two or more parts separately, and 
adding the results together. 


CHAPTER XXXVIIL 
HANDLING MATERIAL. 


From the commercial point of view, this is one of the most important divisions 
of the subject of cyanide treatment, on account of the very large quantities of 
material that have to be dealt with in most cases. The matter may, for 
general consideration, be conveniently divided into four separate stages, taken 
in their natural sequence, namely— 

(a) Bringing material to the works. 

(6) Filling vats. 

(c) Discharging vats. 

(7) Dumping residues. 

Such of the methods and apparatus employed in these four operations as 
require discussion in detail will be dealt with separately. 

(a) In dealing with very small heaps, the Australian practice is to use 
Scotch carts, locally known as drays. These are backed up to the heap, filled 
by shovelling, then taken to the works 
and backed, and tipped on to a plat- 
form level with the top of the vats. 
The S. African method of dealing with 
larger accumulations is, to gradually open 
out a cutting into the heap for a tram 
line, and to shovel directly into trucks. 
When the sand has been piled up to 
a considerable height, the trucks can 
be filled so quickly that a single line 
is generally sufficient. With shallow heaps and in dams, two branch lines 
are necessary, in order that one set of trucks may be filled while another set 
is being hauled to the works. In either system, the line is swung round as 
the material is worked out, so that the trucks are always near the working © 
face. In fig. 133, two ways of arranging the lines are shown. By method a, 
the loading points gradually become further apart, and the workmen have to 
walk some distance from one to the other, but at 6, each line serves half the 
length of the face, and both swing round in the same direction, so that the 
loading points are always near together, and the work and supervision are 
more conveniently performed. 

Sometimes the material is loosened by ploughing, and is brought to the 


tram line by means of scrapers drawn by horses in the manner common in 
, 298 


Fic. 1838.—Tram Lines. 
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railway construction. With slimy stuff which requires breaking up, this is 
an excellent method, and is also cheap. In Montana, railroad cuttings are 
made in the ground and covered by bridges with holes over the track, so that 
the material brought by the scraper is delivered directly through these holes 
into trucks. 

C. W. Merrill* says that six men with twelve horses loaded approximately 
400 cubic yards per day, with an average haul of not less than 100 feet. In 
this case, cars of 3-ton capacity with bottom discharge were used on a track 
with 56-lb. rails, laid to a 3-ft. gauge. A 22-ton locomotive draws sixteen 
loaded cars up the maximum grade of 3:5 per cent., and the total distance 
hauled is 24 miles. A long line such as this is, however, very unusual 
in cyanide work, and in most cases side-tipping trucks of about 20 cubic 
feet capacity are employed. These are preferably drawn by manual labour, 
animal traction, or ropes worked by a steam winch, when the distances are 
short and the loading points constantly shifting. When, however, the 
material can be received and delivered at fixed points, as, for instance, in the 
transfer from collectors to treatment vats, and the length of the line is con- 
siderable, the system of continuous haulage by endless rope is suitable, but 
only when such /arge quantities are dealt with that the saving in cost of trans- 
port is more than sufficient to pay for maintenance of plant and interest on 
first cost. This remark applies, of course, to all labour-saving machinery, 
but it is necessary to insist upon it, because of the tendency so often mani- 
fested to introduce such devices for the appearance of economy, even in cases 
where more primitive methods would really be cheaper. And in reference to 
endless rope haulages, it may be pointed out that even the current costs of 
transport are not reduced by its introduction when the quantity of material 
to be shifted is small, because the power absorbed in driving the gearing and 
rope is out of all proportion to the power consumed in moving the trucks. 
For short inclined roads which are too steep for animal traction, a steam winch 
drawing up trains of trucks is suitable, even for small quantities, because the 
power is directly employed in doing useful work, and the first cost of the 
installation is small. 

For this purpose, winches from 8 to 12 nominal h.p. are generally used with 
trains of four or six trucks, each of 20 cubic feet capacity, on inclines of, say, 
lin 7. If more trucks are run together, it means not only a larger winch, but 
also more men for tipping, or a greater loss of time between the trips. The 
drums should be from 2 ft. 6 ins. to 3 ft. in diameter, and one drum should 
always be loose on the shaft and provided with a clutch gear. This allows the 
effective lengths of the two ropes to be altered from time to time as required, 
so that the full and empty trucks shall arrive simultaneously at their respec- 
tive stopping-places. It is also most essential that the winch should be 
amply large enough for the work, and that it should be thoroughly well made 
and designed, moreover, with a view to the convenience of the driver, a point 
often overlooked in small winches. 

* The tailings plant of the Montana Min. Co. Ltd.—Eng. and Min. Journal, 
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For bringing crushed ore to the treatment vats from extensive heaps, or 
from dry crushers, and for elevating purposes, belt conveyors are largely used, 
and other forms of conveyor more rarely (see Chap. XL.). 

When wet material, such as battery pulp, has to be moved, the obvious 
method where there is sufficient fall is by launders; and when the vats are 
higher than the source of supply, the 
two practical methods of lifting generally 
used are by means of tailings wheels and 
sand pumps, delivering, as the case may 
be, to revolving distributors, slat gate col- 
lectors, or classifiers. In Siberia such 
material is sometimes lifted by the Archi- 
medean pump, viz., a long cylinder of 
wood, with a continuous internal thread 
like a spiral stair. The cylinder is inclined 
at an angle of about 40°, and the lower 
end dips into a sump, which is continu- 
ously supplied with the pulp. The latter. 
is discharged from the upper end of the 
cylinder. 

(6) The methods of filling pulp into vats 
have already been sufficiently described. 
With dry, or nearly dry, material, a good 
distribution of the material over the whole 
at s*centres Vat is also desirable, as this tends towards 
uniformity of texture, and consequently to 
good leaching. When tipping from trucks, 
therefore, this should be done from a plat- 
form sufficiently high, and so placed as to 
directly command as much of the vat area 
as possible, two or more platforms, properly 
spaced for this purpose, being frequently 

Fics. 134, 135.—Trestle Staging for used. A revolving claite has been em- 
20-ft. Span. ployed in connection with belt conveyors 
in fillmg vats with dry crushed ore. 

Trestle Staging over Vats.—Figs. 134 and 135 illustrate a common form 
of platform used when tipping from trucks into vats. This gridiron platform 
has the advantage that it can be made wide enough to provide a firm foothold 
for the workmen when tipping, but at the same time prevents an accumula- 
tion of sand upon the gangway, especially when the spaces between the strips 
are rather wider underneath than on top. Another form of gangway, in 
which every alternate strip is cut shorter, is shown in plan figs. 183 and 
184 of the complete cyanide plant described in Chapter XLIV. This 
second form should not be used when Kafirs or other careless labourers are 
employed, as it is easy for their feet to slip through the open spaces in the 
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platform. In all parts not directly over the vats, and in all other gangways 
for workmen, the flooring should consist of 3-inch deals or planks, laid with 
l-inch spaces between them. 

Quantities—The amount of timber in such staging may be roughly 
estimated as follows. For a single track averaging 10 ft. above ground level, 
allow 3 cubic feet per foot run of platform. For double track staging, allow 
5°75 cubic feet per foot run. These figures include trestles, bearers, angle 
bracing, flooring, and hand rails. 

(c) The usual methods of emptying vats by hand shovelling and by 
sluicing with water will be referred to in dealing with working costs, and need 
no discussion here. 

In discharging from excavated tanks at the Langlaagte Estate mine, 
some years ago, a steam crane placed on rails alongside the vats was 
employed in the following manner. The body of each empty truck was 
lifted by the crane and lowered into the vat, where it was filled by 
shovelling. When full it was again lifted by the crane and replaced upon 
its carriage, which remained always upon the tram line. Another method 
still occasionally used is to lay a track upon the floor of the tanks, and to 
run the trucks into them by large side doors as soon as sufficient sand has 
been removed. This method is only used for masonry tanks built on the 
surface of the ground. 

The latest novelty for discharging residues is the Blaisdell Rotary 
Excavator, which is said to discharge at the rate of 100 tons per hour, 
with an expenditure of only 7 hp. A description of this will be found 
at page 185. 

(dq) For carrying sand residues to dump, side-tipping trucks, drawn by 
mules for small plants, and by endless rope for large plants, are most common, 
although a system of conveyor belts is sometimes employed with advantage. 
When endless-rope haulage is used, the trucks are thereby carried to the highest 
point of the dump and there released from the rope. After tipping, they 
vravitate back to the vats, or to a point where they are picked up by the 
returning part of the rope. As the dump grows in height, the delivery point 
of the haulage system has to be raised from time to time. 

In Western Australia, conveyor belts are used for removing the pressed 
slime cakes as they are taken out of the filter presses. 


TRUCKS AND TRAM LINKS. 


Trucks.—In a few cases a 2-ft. gauge has been used in cyanide plants, but 
experience has shown that the much more common 18-inch gauge is wide 
enough for all purposes except locomotive work. For small plants a truck 
holding 16 cubic feet is the usual size, while for large plants 20 ft. capacity is 
generally adopted. When designing works it is often necessary to know the 
size and weight of the truck which is to be used. The overall dimensions 
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for 18-in. gauge side-tipping V-shaped wagons are given in figs. 136, 137, 138, 
139, and the corresponding weights are as below. 
20 cubic ft. capacity with 15-inch wheels, Each 800 lbs, 


16 oe) ee) 9 15 9 99 »? 720 9 
16 99 39 99 12 29 9) 9? 610 99 


The use of 12-inch instead of 15-inch wheels for the smaller truck reduces 
the overall height to 394 inches. 
These sizes and weights are for trucks which we have used largely on the 
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Fic, 186.—Truck. Fic. 187. —Truck. 


Witwatersrand and in Australia, and the figures were kindly supplied by the 
maker, R. Hudson, of Gildersome Foundry, Leeds. Generally speaking, the 
weight of trucks from 15 to 60 cubic ft. capacity varies from 24 to 36 per 
cent. of the load carried. The mean of these two figures, or 30 per cent., may 
be taken to represent the lightest class of trucks allowable for work of this 
kind, where they often have to undergo a great deal of rough handling. 


«-41-- 54" overall _-1- 


rea gogo cd 


Fic. 188.—Truck, Fic. 139.—Truck. 


Tram lines.—For temporary tracks that have to be frequently shifted, 
steel sleepers are undoubtedly the best, but for permanent lines, wooden 
sleepers 6 ins. by 44 ins. in section and about 3 feet long give a better hold 
on the ground. Also, on curves of short radius, wooden sleepers should be 
used, because they easily allow of the slight increase of gauge which is 
desirable, while with steel sleepers this alteration involves some trouble and 
expense. Of course, sharp curves must be avoided as far as possible, as they 
cause enormous wear of axles, bearings, and. wheel flanges. The minimum 
curve that can be practically used at a pinch with 18-inch gauge is about 
12-feet radius, but this is very bad practice unless space is absolutely limited, 
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and a minimum of 30-feet radius should be aimed at in laying out permanent 
lines. 

As regards size of rail, 12 lbs. per yard is the lightest that should be used, 
and is about good enough for shifting lines on dumps and the like, while 14 
or 16 lbs. are suitable for permanent work. The width of the bottom flange 
ought to be about the same as the depth of the rail. A lot of light rails are 
marketed whose depth is much greater than their width, but these should be 
carefully avoided, because in light rails, lateral stiffness is quite as important 
as vertical carrying power. This may seem to be a minor detail, but it makes 
considerable difference in practice. In laying these lines, the track should be 
well stretched ; that is to say, after every two or three lengths have been 
connected, they should be forced apart as far as the holes in rails and fish- 
plates will allow. 

In laying out tracks, the following points should be kept in mind. For 
animal traction, uniformity of grade is of very great importance, and in order 
to combine this with cheap construction, the best method is to lay out on the 
natural surface of the ground, the curved line which is found by trial with 
the levelling staff to correspond to the grade selected. 

For continuous-rope haulage, the chief point is to make the line as straight 
as possible, moderate changes of gradient being relatively much less important. 
If the track cannot be laid in one straight line, then it should be made up 
in long straight lengths, with short definite curves at the places where the 
direction changes. 

Tractive Force.—We have found in working 18-inch tram lines that a 
train of six or eight well-greased full trucks will just move by their own 
weight on an incline of 1 in 70, while empty trucks require a slightly steeper 
grade. This may therefore be considered as a practical measure of the 
minimum force necessary to overcome the rolling friction. 

Let W =total weight of trucks and load in lbs, 
T=tractive force in lbs., and 
K =coefficient of rolling friction. 

Then, on an incline, the tractive force necessary to lift the load, or, 
conversely, the force exerted by the load in running down, is correctly expressed 
Recon LS ein a : . , - : o €t) 
where a is the angle of inclination. 

But in cyanide plants the steepest grade is seldom more than 1 in 5, so 
we can substitute the more convenient expression, 


ao tan aoe , : : ; , Pete) 


with an error of only 2 per cent. in the extreme case in excess of the true 
quantity. But tan a is simply the fraction in which gradients are usually 
expressed. That is to say, for a grade of 1 in 7, the symbol tan a is 7. 


Therefore, calling this fraction G, in any case we have the simple formula 


T=WG ro) . e ° ° . . (3) 
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Consequently, on the grade of 1 in 70 mentioned above, the tractive force 


which just overcomes the friction is This, then, is the minimum 


x 1 
70 
value of the coefficient of friction K. But as trucks and rails are not always 
in good condition, it is better to make K=, in calculations for ordinary 
practical cases. 

Finally, then, the total tractive force required in working on an incline is 

T=W(K+£G) . ; . (4) 

The plus sign is used when pulling up, and the minus sign when pulling 
down the gradient. 

Equalising Tractive Force.—When, as in figs. 30 and 31, a residue dump 
is to be formed at a lower level than the treatment vats, and, generally, when 
material has to be moved downhill by animal traction, it is advantageous to 
lay out the grades so that the pull for loaded trucks down the incline is equal 
to the pull required for the empties up the incline. When a single line is 
used, and whenever the outgoing and return lines are of the same length, the 
grade necessary for equal tractive force in either direction can be found as 
follows— 

W = weight of loaded trucks, and w= weight of empties. 

Then, pull down the incline = W (K—G), and pull up for empties = w 


(K+G). 
Equating these, and transposing, we have 
_K(W-w) 
Cee W+w Se 


Taking the weight of a 20-ft. truck at 800 lbs., and its contents as 105 
lbs. per cubic feet, including moisture, the required grade is 1 in 88. 

In some cases the return line is shorter than the down line, and must 
therefore have a steeper gradient in order to reach the starting-point of the 
down line at the proper level. When the down grade is m times the length 
of the up grade, and G is the grade of the down line, then the returning 
gradient must be mG, and the equation for equal tractive force on both is— 
_K(W-w) 


G 
W +2w 


(6) 


To further facilitate the selection of suitable grades, the following table 
has been worked out from the above equations for the 16- and 20-ft. trucks, 
whose weights have been already given. 

On short circular tracks, such as those from collecting vats to treatment 
vats in fig. 35, and from treatment tanks to residue dump in fig. 37, it is 
better to make the grade steeper than is given above when manual labour is 
employed, because men work better intermittently. In fact, men prefer to 
work on a grade at which the loaded trucks will run down by their own 
weight, although this necessarily involves harder work in pushing the empty 
trucks back again. <A gradient of 1 in 50 or 60 is therefore suitable for the 
full trucks in such cases. 
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TaBLE LXVI.—Showing Grades required for equal tractive effort on outgoing 
and return lines, when loaded trucks run on the down gradient, 


Fractions given below show down grade=G when K= ;4. 


Truck feet Load at 90 lbs. per cubic foot. Load at 110 lbs. per cubic foot. 


DSHS Ss n=4\ n=b i=! nee Tenia} | Wp—ate® il (pees: 


800 20 |1/94 | 1/117 | 1/189 | 1/161 | 1/183 | 1/86 | 1/105 | 1/128 | 1/141 | 1/159 
720 16 | 1/100 | 1/125 | 1/150 | 1/175 | 1/200} 1/91 | 1/111 | 1/182 | 1/152 | 1/178 
610 16 | 1/92 | 1/114] 1/185 | 1/156 | 1/177 | 1/85 | 1/102) 1/119 , 1/187 | 1/154 


Engine Planes. Power.—These may be worked at a speed of six to ten 
miles an hour. In cases where an extra steep grade occurs on a very small 
portion of the whole length, a speed of four miles may be allowed for, on this 
portion only, when calculating the power which has to be provided. Of 
course, where very small quantities are handled in this way, slower speeds may 
be used in order to economise in the cost of working the hauling winch. 

The h.p. required in any given case is found by multiplying the tractive 
force in lbs. for the steepest gradient on the line, by the speed in feet per 
minute on that gradient, and dividing by 33,000. 


Thus if W =total weight in lbs., including trucks and rope 
G=as before, grade expressed as a fraction 
M=speed in miles per hour, and 
P=actual h. p. to be provided, then 
P=0°0027MW(K+G) . ° : : . ra ae 


It is to be noted, however, that while the maximum grade is used to 
determine the necessary power of the winch, only the average grade is to be 
considered when calculating the mean power expended during the whole time 
of hauling. 

So far, we have only considered a single set of trucks drawn up the 
incline, but when a set of empties is lowered at the same time, this will lessen 
the work of the winch. Let p = power derived from fall of empty trucks 
whose weight is w. Then 

p=0°0027Mw(G-K) . : : : ‘ » (7a) 


and the total nett h.p. is therefore 
P-p=0°0027M{W(K+G)+w(G.-K)} . «>. ~ (8) 
In most cases, however, it is better, when deciding upon the power to be 


provided, to neglect altogether any gain from this source, and to make pro- 
vision for the maximum possible load by using equation (7). 


20 
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On flat inclines, where a tail rope has to be used, equation 8 is applicable 
also, and should be employed for double lines with two sets of trucks, because 
in such cases the empty trucks add to the power required from the engine. 

In any case, at least 10 per cent. extra power must be allowed for engine 
friction, starting the trucks, and other matters which do not admit of close 
calculation. When the winch is situated at a distance from its boiler, the 
consequent loss of pressure in the steam pipes must also be taken into account. 

Power for Endless-Rope Haulages.—Equation 8 is also useful in calcu- 
lating the power required for continuous-rope haulage when the weights upon 
the up and down grades respectively can be accurately ascertained, but it 
only applies strictly to the trucks and their contents. 

However, in this case the friction of the rope, driving gear, and road rollers 
becomes an important item, which may often account for more than half the 
total power. Some engineers recommend the estimation of this by taking the 
total weight of all ropes, pulleys, and other moving parts, and calculating in 
the same way as for the trucks, but with a coefficient of 4, instead of 45. 
The only safe course is to have plenty of spare engine power, which, after all, 
only adds very slightly to the first cost of the whole installation, and it also 
provides for any temporary abnormal loading, due to variations in the supply 
of trucks to the line. 


CHAPTER XXXIX, 
ROPES AND GEAR FOR HAULAGE. 


Or the many systems of rope haulage which are used for different purposes, 
only the two already referred to are usually of service in connection with 
cyanide works, namely, inclined roads worked by steam winches and continuous- 
rope haulage, with the rope usually over the trucks. Consequently we shall 
only deal with those points in connection with ropes which are of importance 
in the use of these two systems. 

Steel wire ropes are usually made of either— 

1. Bessemer steel, with a breaking stress of about 35 tons per square inch 
of the section of the rope. 

2. Siemens-Martin steel, with a breaking stress of about 50 tons per square 
inch ; and 

3. Crucible cast steel, with a breaking stress of 90 tons per square inch. 

The last is the best for the purpose in view. It is evidently of importance, 
in ordering rope, either to specify the material of which it is to be made, or to 
have a guarantee as to its strength. 

We shall see later, in considering the stresses in the rope caused by 
bending it, that in most cases it is desirable to have a rope made of small 
wires and of small sectional area. The principal reason why wire of 
great tensile strength should be used, is that the rope and its constituents 
may be as small as is possible, consistent with the necessary provision for the 
wearing down of the outer wires by friction against the drums and sheaves. 

Another reason for employing wire of great tensile resistance is that a rope 
of given strength is lighter than a rope of equal strength made of inferior 
material. 

For haulage purposes, ropes are usually made of six strands round a central 
core of hemp, and each strand contains either 7, 12, 19, or 24 wires. 

Table LXVII. gives the breaking weight of such steel wire ropes, for all 
the sizes likely to be required for our purpose, calculated at 90 tons per square 
inch. The breaking weights are given in lbs., so that they may be readily 
converted either into long or short tons. 

Working Stress on Rope.—This consists of two principal items, first the 
tractive pull found in the manner already described in Chapter XXXVIIL., and, 
secondly the stress due to the bending of the rope round the winding drum or 


the sheaves and pulleys on the track. This second item is a very important 
307 
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one, but is too often neglected in practice, or rather it is allowed for in a 
rough and ready way, either by taking a large factor of safety, or by some 
empirical rule as to the ratio between the diameter of the rope and the mini- 
mum diameter of sheave which may be used. But as this bending stress is 


TasLteE LXVII.— Showing calculated Breaking Weights in lbs. of Steel Wire 
Ropes at 90 long tons per square inch. 


| | 
| Standard ee es Strands, 6 Strands, 6 Strands, 6 Strands, 
Wire Gauge Fecha each of each of each of each of 
number. eerie 7 Wires. 12 Wires. 19 Wires. 24 Wires. 
| 
25 020 pee 9,529 
24 022 #. 8,735 11,034 
23 024 6,567 10,397 13,133 
22 | 028 — 8,939 | 14,153 17,868 
21 | 032 6,809 11,673 / 18,482 23,346 
20 036 8,619 14,775 | 23,394 29,550 
19 “040 10,640 18,240 | 28,880 rr 
18 048 15,322 26, 26 se od 41,589 
17 "056 20,855 35,751 wee 
| 16 064 27,239 46,695 
15 072 34,474 iy 
| 14 080 42560 
| 


capable of fairly exact calculation, it is far better to ascertain it, and thereby 
to know more accurately the actual total stress which is being put upon the 
rope in any given case. 

Stress due to Bending.—When a wire rope is bent over a pulley, as 
shown in fig. 140, it is clear that although the centre line ab of the rope 
retains its original length, the wires on the outer side ed must be lengthened, 

and those on the inner side ef must be shortened. That 

Cae oe is to say, there is a tendency to set up a tensile stress in 
Ey ea the outer wires and a compressive stress in the inner wires. 
But the wires of each strand are twisted round the strand, 

Fig. 140,—Stresses and the strands are twisted round the rope so that each wire 
saree occupies alternately the inner and outer position. Conse- 
quently the tendency to extension and compression occur alternately in the same 
wire and neutralise each other, thus, as Weisbach has pointed out,* increasing 
the probability that the tension is uniform in all the wires. But, although there 
is probably no stress due to the bending of the rope considered as a whole, 
there is a stress set up in each wire due to the bending of the wire itself. 
Thus, if we now consider fig. 140 to represent the bending of a single wire, 
it is evident that the outer fibre cd will be in tension and the inner fibre 
in compression. The former will be added to the tension already existing in 
the wire due to its share of the tractive force, and the sum of these two 


* Mechanics of Engineering, vol, iii. part i, 1890, p. 556. 
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tensions will represent the maximum stress on the wire. It is true that this 
maximum stress is only exerted on the outer fibres of each wire, but it is 
also true that if these outer fibres are overloaded, the whole wire will be 
destroyed. 

The stress S. in a wire of diameter d produced by bending in the arc of a 
circle of diameter D is given by the expression 


Ed 
SS sta 
D 


where E is the modulus of elasticity of the steel.* The two diameters d and 
D must of course be expressed in the same units, such as feet or inches, and 
the stress will be given in the same units as the modulus of elasticity. 

This formula brings out two important points very clearly, viz.— 

1. That the stress in the wires caused by bending is inversely proportional 
to the diameter of the sheave round which the rope is bent, and therefore the 
largest sheaves that are practically convenient should be used. 

2. That the stress is directly proportional to the diameter of the wire of 
which the rope is composed, and consequently, if for any reason it is necessary 
to use small sheaves, a rope composed of comparatively small wires is to be 
preferred in such a case. 

To apply the above formula in practice for any given rope we must first 
find the stress (S) per square inch, and then multiply the figure thus found by 
the total sectional area of all the wires of the rope, expressed in square 
inches. 

. One example will make this quite clear, and we may take the case of a 
rope which consists of 6 strands of 7 wires, each wire being of No. 16 8.W.G., 
that is, °064 inch in diameter. Assuming a 3-ft. pulley and taking 
E= 29,000,000, the above formula becomes 
_ 29,000,000 x -064 


: 36 


= 51555 lbs. per square inch 


The sectional area of each wire is ‘(003217 square inch, so the total section of 


the 42 wires = 135114. 
And 51555 x °185114=6914 lbs. 


In the Tables LX VIII. to LXX. these stresses will be found for all the sizes of 
rope included in table LXVII., and for the sizes of pulleys which are likely to 
be used in practice. 

In view of the important relation which exists between the bending 
stresses and the size of the individual wires, it is unfortunate that makers of 
wire ropes, as a rule, give no information as to these sizes in their catalogues, 
but are content to state only the circumferences of the whole ropes, which, of 
course, vary with each particular make. For instance, one maker catalogues a 
rope of 42/19 as 1# inches circumference, and another maker has a rope of 
42/20 described as 1? inches. 


* For proof of this formula in the form, tension = oo see Transmission of Power by 


Wire Ropes, by Albert W. Stahl, M.E., New York. 
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Factor of Safety.— When the maximum working load on the rope and the 
stresses due to bending have been carefully ascertained, it is not necessary to 
use such large factors of safety as are required when the loads and stresses 
are only roughly estimated. In the majority of cases in connection with 
metallurgical works a factor of safety of 4 is amply sufficient for the working 
load. In cases of inclines, where any danger to workmen would result from 
the breaking of the rope, a factor of safety of 5 or 6 should be allowed. In 
all cases a factor of 3 is sufficient to allow on the calculated bending stress. 


Haeamples. 


A few examples will illustrate the most convenient: method of using the 
above tables. 

Example la. In a small plant, 2 trucks of 16 cubic feet capacity are to be 
pulled up a maximum incline of | in 9. 

If each truck weighs 650 lbs. and its contents 1600 Ibs., the total load will 
be 4500 lbs. Allowing for friction at =, of the load, and for the lifting of 
the weight up the incline, the working load on the rope will be 590 Ibs. 
Multiply this by 5 as the factor of safety, and the product 2950 will be the 
strength required in the rope in respect of the load upon it. For a rope with 
7 wires per strand, Table LXVII. gives the breaking weight for No. 21 gauge 
at 6809 lbs. Then the balance of this (6809 — 2950 = 3859) is available to 
resist the bending stress, or, in other words, we may allow a bending stress 
equal to one-third of this, say 1286 lbs. Now, turning to Table LXVIII., we 
find that this number lies between those in the column headed 21 gauge, 
which correspond to a 2 ft. and a 2 ft. 6 in. sheave. We conclude, therefore, 
that a rope of 6 strands of 7/21 could be safely used under the given condi- 
tions on a sheave 2 ft. 3 ins. in diameter. 

1b. Assuming that we wish to use a still smaller sheave, we take the next 
larger size of rope, namely 7/20, which, according to Table LXVIL, has a 
breaking strength of 8619 lbs. 

Subtracting as before 2950 ,, 


we have an excess of 5669 ,, which, divided by 3, gives an allowable bending 
stress of 1890 lbs. This is a little greater than the figure for a 2 ft. sheave, 
which can therefore be safely used. 

Thus we find that for a given working load and a given small-sized sheave, 
a rope of larger diameter gives better results than a small one, at all events 
within certain limits. But as a larger rope is heavier to use, we will, as a 
further extension of this same example, see what is gained by the use of a 
rope which has 12 wires in each strand. 

lc. As before, we select from Table LXVII., but in this case from column 
4, a rope with a breaking load greater than 2950. As a first trial take 
12/23=6567 lbs. Subtracting 2950 gives 3617, which divided by 3, gives 
1206 lbs. as the permissible stress due to bending. Turning now to Table 
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LXIX. column 2, we find that a 1 ft. 6 in. sheave causes a stress of 1259 lbs., 
and that therefore a sheave slightly larger than this, say 1 ft. 7 in., will be 
sufficient for this given rope and load. 
Collecting the results of these three cases, we have as suitable ropes for the 
purpose— 
Rope of 42/21 working on a minimum sheave of 2 ft. 8 in. 
», 42/20 + re p ee 
» 2/28 og 7 1 a fa 


Example 2. Suppose a rope to carry a direct pull of 2500 lbs. over a 
minimum sheave of 4 ft. diameter. Assuming first a 42 wire rope. 

Direct load 2500 x 4= 10,000 lbs. = breaking strength to resist direct pull. 

From Table LXVII. column 3, select a likely looking number, say 20855, 
corresponding to 42/17. Then, subtracting 10,000 lbs., we have 10,855 Ibs. to 
resist bending stress, or an actual allowable stress of 3618 lbs. Table LXVIII. 
shows in column 6 that such a rope over a 4-ft. sheave will be subject to a 
stress of 3500 Ibs., and is therefore suited 
to the conditions assumed. Of course, one 
may not always select the right size from 
Table LXVII. at the first attempt, but a 
glance at the table of bending stresses 
shows whether it is right or wrong, and 
in any case only two or three trials are 
necessary. 

It is, in fact, far more convenient to use 
the tables than to construct and use a com- 

Fig, 141.—Roller. plicated formula, such as would be neces- 
sary to give the required size at once. 

It has been pointed out * that in cases where the rope is subjected only to a 
very slight stress, the tension in the rope may be insufficient to bend it to the 
actual curve of the smallest sheave used, and that in such cases the size of the 
sheave is of no consequence, as the bending stress depends upon the actual 
curve of the rope itself. But in the applications of rope haulage which we 
are now considering, it may be fairly assumed that the loads put upon the 
rope in practice will be quite large enough to bend the rope to the smallest 
sheave, found by means of the above tables in the manner described. Rollers 
on which the rope lies slack may be, and are in practice, made smaller than 
the minimum sheave. 


Gear.—The first requirement common to all systems is the provision of a 
number of horizontal rollers on the track between the rails, to prevent the 
rope from dragging on the ground or on the sleepers. A convenient form of 
roller for this purpose is one of cast iron, 4 or 5 inches in diameter and about 
11 inches long, with end flanges. It may be supported in hard-wood bearings, 
bolted down to a sleeper, which may be one of the ordinary track sleepers 
(see fig. 141). These rollers should not be more than 6 yards apart, and they 


* Engineering Association of South Nashville, Tennessee, Proc., vol. vii. p. 81. 
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must, of course, be fixed and sized so as to be clear of trucks and wheels. At 
all points where there is a convex change of grade, as at S, in fig. 36, a larger 
roller must be fixed, whose diameter is equal to the minimum calculated by 
the rules given above. 

On roads worked by hauling engines, in passing round curves, a series of 
similar rollers fixed vertically is used to guide the rope. These should always 
be of the calculated minimum diameter, because the rope is under tension 
when pressing against them. This point is often neglected. 

In endless-rope systems, the most important points are, means for giving 
motion to the rope, for maintaining the tension approximately constant, and 
for attaching the trucks. 

A curved drum, such as shown in fig. 142, is a simple and convenient 
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Fic. 142.—Curved Drum. Fic. 143.—Driving Wheel. 


012345678 90NI2 Inches. 


Scale for Figs. 142, 148, 145, 146, 147. 


device for driving purposes. The curve abc is so laid out that at one 
point, say at a, the surface of the drum is parallel to its axis, while at ¢ it is 
nearly at right angles to it, so that it passes through every intermediate 
angle between a and c. The rope is led to the drum at 2, as shown by the 
arrow near that end of the drum, which has the largest diameter, and after 
several complete turns it passes off at d. It is clear that the continual 
feeding on at the right-hand-side, and paying off at the left-hand, will tend to 
cause the rope to climb up towards the flange. But this is counteracted by 
the tendency of the coil as a whole to slip sideways towards B, Climbing 
towards A, however, brings the rope to a steeper part of the drum, and there- 
fore increases the side slip, while motion towards B brings it to a flatter part, 
where the side slip is less. Consequently, when either tendency prevails for 
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a time, it automatically shifts the coil on the drum, until the two opposing 
forces are again balanced. With the drum shown, the rope can be driven in 
the opposite direction by taking it off and coiling it on in the opposite sense. 
Or a drum with the curve abc repeated on the left-hand side may be used 
to drive in either direction at will. Wide drums like the one illustrated have 
been used, but are not necessary when the speed of working is constant, 
because the actual change of position of the coil is not great. A wheel of the 
form illustrated in fig. 143 is therefore quite suitable. The chief objection to 
this method of driving is the wear and tear caused to rope and drum by the 
side slip. With proper lubrication this objection is not serious, and may be 
lessened as regards the drum by forming its wearing surface of separate 
replaceable blocks of cast iron, hard wood or rubber, as at e in fig. 143. For 
very elaborate installations, the usual arrangement of tandem V-wheels, as 
employed for street tramways, may be used with advantage. 

The ordinary arrangement of tightening gear is shown in fig. 144. It con- 
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Fie, 144.—Tightening Gear, 


sists of a V-wheel a, fixed in a frame 0, supported on wheels ec, which run 
on a steeply inclined track d. A second frame loaded with weights may be 
attached to 6, or one frame may carry both wheel and weights. This 
apparatus is preferably applied to the rope directly it leaves the driving gear. 
For overhead ropes, at the points where the trucks come on to the rope, 
and where they leave it, overhead pulleys are provided, placed sufficiently 
high to allow a truck and its grip to pass beneath them. The rope hangs, as 
it were, in a long festoon between these pulleys, from one end of the line to the 
other, the lowest part resting upon the road rollers. The truck is pushed 
forward until it reaches a part of the rope low enough to catch in the grip, the 
latter being properly placed to receive it. At the delivery end of the line, as 
the rope rises, it simply lifts out of the grip and leaves the truck free. 
Sometimes the same arrangement of overhead rollers is employed at curves 
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to release the truck, which then gravitates round the curve. The rope, after 
passing round a horizontal sheave into its new direction, and over a second 
roller, is allowed to descend again, and carry the truck forward. This arrange- 
ment requires a man to attend to the grips at the point where they pick up 
the rope again. A similar device is also used for transferring trucks to and 
from branch lines. 

Another method of dealing with curves is to place a horizontal V-pulley 
exactly at the height of the rope when in the grip, and with its outer rim just 
clear of the grip. Asa truck passes, the rope is momentarily drawn out of 
the V, but it springs back by its own tension as soon as the grip has passed 
the pulley. Although this device is nominally self-acting, it requires super- 
vision, lest the rope should leave the V-pulley when there is a long interval 
between two trucks. 

A very common form of grip for attaching trucks to rope is shown in fig. 
145, the dimensions there given being suitable for a 3-inch rope. The sockets 
aa on the end of the truck should be fixed about 5 inches from the centre 


Fic. 145,—Grip. Fies, 146, 147.—Grip. 


of the truck. When the rope falls into the V between ¢ and d, the grip turns 
in the socket and jams firmly on the rope, which is thereby slightly bent 
between the prongs ¢ d. dig 

Another device for the same purpose is shown in figs. 146 and 147, This 
consists of two nearly vertical spindles, slightly inclined towards each other. 
These are attached to the end of the truck in any suitable manner. Each 
spindle carries an excentric sleeve, as shown, which can turn freely upon it. 
When the rope falls between the sleeves, it turns them round until it is 
gripped between them. In the figures, the thin sides of the sleeves are turned 
inwards, and the sizes shown are for a 23-inch rope. This clip was first intro- 
duced in England many years ago. 

It is not necessary to give any details of the use of endless ropes hung 
under the trucks, because this system is distinctly inferior to the overhead 
rope for surface work, although very valuable for underground haulage in coal 
mines, and other cases where nearly horizontal seams or reefs are worked, 


CHAPTER XL. 
BELT CONVEYORS, TAILINGS WHEELS AND PUMPS. 


THE use of this means of transporting material, both in filling and discharging 
vats, is likely to be considerably extended in the near future. It is not 
necessary to give detailed drawings of the apparatus employed for driving and 
carrying the belts, because it is advisable to purchase conveyors complete from 
one of the well-known makers, whose patterns represent the accumulated 
experience of many years, and of many workers in this special department. 
We shall therefore limit this discussion to the general features of the. system. 
Fig. 148 shows one of the early methods of carrying the belt. It is 
obvious that the outer ends of the cones aa must have a greater peripheral 
velocity than the central cylindrical part of the roller. But the edges of the 


Fic, 148.—Old Mode of Troughing Belt. 


belt run at the same speed as its centre, and consequently at some part of its 
cross-section there must be a continuous slip between roller and belt, which 
in time destroys the latter. 

Fig. 149 illustrates a means of troughing the belt, which overcomes this 
ditiiculty, by the use of two inclined rollers 6b, so that the velocity of roller © 
surface and belt is practically equal. 

In an interesting communication to the American Institute of Mining 
Engineers,* Thomas Robins jun. describes several modifications in conveyor- 
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belt practice, including the method of troughing the belt illustrated in fig. 
150. In this case there is a central horizontal roller a, and at each end of it 


Scale 
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Fic. 149.—-Troughing Belt. 


a separate roller d on an inclined pin e, whereby the same advantage is secured 
as in the arrangement shown in fig. 149. In each of the above cases we have 
referred only to the rollers that carry the loaded belt, but the part returning 
empty also wants some support, and this is provided for by rollers, as shown at 
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Fic. 150.—Troughing Belt. 


K, fig 148. It is, however, generally preferable to divide these rollers intc 
two or three parts, running loose on fixed shafts, as shown at L, fig. 150. The 
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best position for the driving pulley is at the delivery end of the belt, because 
in that case the loaded part of the belt is under the greater tension, while the 
return portion runs slack. 

The following five recommendations of T. Robins jun. may be said to 
represent the high-water mark of excellence in conveyor-belt practice, as 
required for filling and discharging vats or for dumping filter-press cakes. 

1. The driving pulley should not be less than 30 inches in diameter 
for small belts (say 18 inches wide), and 48 inches for large belts (say 30 
inches wide). The pulleys at each end should be 4 inches wider than the belt. 

2. The supporting and troughing rollers should be from 4 to 6 feet apart 
between centres, and the rollers under the return portion from 8 to 12 feet 
between centres. 

3. The thickness of rubber should not be less than 4 inch over the actual 
working width of the belt. 

Note.—The Robins Belt Coy. and other makers supply belts with thicker 
rubber in the centre than at the sides. This makers’ method is shown in 
fig. 150. 

4, The thickness of canvas should be— 


Up to 20 inches wide, F : : 4 ply 


be) 24 2? 5 ”) 
99 28 > 6 9) 
9) 36 9? 8 9? 


5. The material should be delivered to the belt by an inclined shoot, and in 
the direction of the motion of the belt, with as nearly as possible the same speed. 

The ordinary form of apparatus 
for delivering from the belt at any 
required position is illustrated dia- 
grammatically in fig. 151. 

Two pulleys, / and g, and a shoot 
h, are fixed in a frame which travels 
on a track in line with the belt. 
The loaded part of the belt, which 
travels in the direction shown by the 
arrow, passes successively over the 

Fic. 151.—Discharging Apparatus. pulleys f and g in the manner shown, 

so that the material is thrown off 

into the hopper 7 at the top of the shoot A, which latter projects sideways 
so as to deliver clear of all the gear. 

A shoot may be arranged on either side of the frame, and for large tanks 
may be made adjustable to deliver at various distances from the belt, and 
thus lessen the necessity of hand labour for spreading. This frame, called a 
tripper or discharging carriage, is often made portable and mounted on wheels, 
so that it may be readily removed from place to place. It is sometimes made 
to be moved by hand, but is also made so as to be moved by the conveyor 
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belt. It can be arranged to reverse its direction automatically after a short 
run, thus moving to and fro, delivering, and distributing its load all the time. 

Another means for delivering, which is sometimes useful, is shown by the 
dotted lines in fig. 149. By moving the rollers into the lower positions there 
indicated, a convex curvature crosswise is given to the belt, and the material 
is thereby thrown off on either or both sides. 

A special arrangement for spreading the ore in tanks has been devised by 
H. W. Blaisdell, which distributes the sand centrifugally in the tank. This is 
being introduced in the U.S.A. by Chas. Butters. 

Capacity of Belts.—This depends upon the relative bulk and weight of 
the material to be conveyed. This point will be made quite clear by con- 
sidering that a belt can carry as much coke as can be piled on to it, the only 
limit being the liability of falling off during transport, while the same belt 
would break down under an equal bulk of shot. Nevertheless, the belt might 
easily carry a greater weight of shot than of coke in a given time. Therefore 
all general tables of capacity, whether expressed in weight or bulk, are liable 
to mislead, unless the material to which they apply is clearly stated. Assum- 
ing that the strength of the belt is properly proportioned to its width, the 
following general formula will apply in all cases by using a suitable coefficient. 


Let w=width of belt in inches 
v=speed in feet per minute 
K=a constant for each individual material, and 
C=the capacity in cubic feet per hour 


Then 
C=Kw*v 
For crushed ore or tailings of ordinary specific gravity, the maximum 
capacity under perfect conditions as to erection and uniformity of loading, we 
may put K=0-016. But it is seldom possible to charge the belt with absolute 
regularity, and it is therefore safer in practice not to expect more than half 
this amount. The following table is therefore calculated with K =0-008. 


TaBLE LXXI.—Approximate Capacity of Troughed Conveyor belts for 
Crushed Ore or Tarlings, stated in cubic feet delivered per hour. 


Width | Speed of Belt in feet per minute. 
in | 

zughes | 200 250 300 350 400 450 500 
16 409 512 614 717 819 922 1024 
18 528 648 778 817 1057 1166 1296 
20 640 800 960 1120 1280 1440 1600 
22 774 968 1162 1855 1549 1742 1936 
24 921 1152 1382 1618 1843 2074 2304 
26 1081 1352 1622 1893 2168 2434 2704 
28 254 1568 1882 2195 2509 2822 3136 
30 1440 1800 2160 2520 2880 3240 3600 
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This is a very conservative basis, and the figures given may be somewhat 
exceeded in cases where ideal conditions of loading obtain, or even when 
economy in first cost is of exceptional importance. 

Example.—Suppose a 500-ton vat at 22 cubic feet per ton has to be filled 
in 10 hours by a belt running at 350 feet per minute. Then total cubic feet 
in vat = 11,000, thus requiring 1100 cubic feet per hour. The table shows 
that a 20-inch belt should be provided. 

' Other Conveyors and Elevators for Dry Material.—There are numerous 
other mechanical devices which are more or less used for this purpose, such as 
screw conveyors, push conveyors, and various forms of sheet steel trays 
attached to ropes or chains. All of these are liable to rapid wear when used 
for siliceous material, and are therefore less suitable than belts in most cases. 
It is true that the same objection applies to bucket elevators, which are 
largely employed in dry crushing mills, but their use is unavoidable, because 
there is at present no proved efficient substitute for them. There seems to 
be no reason, however, why internal bucket wheels should not be used for dry 
material and moderate lifts, provided that they are suitably designed for the 
purpose. To estimate the capacity of conveyors and elevators which consist 
of trays or buckets, it is only necessary to know the size of one bucket, their 
pitch on the chains, and the speed of the apparatus. Allowance has, of 
course, to be made for irregular supply, and consequent partial filling of some 

" of the buckets. | 

Tailings Wheels.—These are very commonly used on the Witwatersrand 
goldfield for lifting battery pulp to spitzlutten placed above the collecting 
vats, more particularly in the double-tier plants illustrated in figs. 41 and 42, 
the only practical alternative in such cases being a tailings pump. 

Two kinds of wheel have been used, namely, that with outside buckets like an 
ordinary water wheel, and the internal bucket type. The disadvantage of the 
external bucket wheel is that it can only pick up the pulp by dipping into it, 
and can only discharge by throwing the pulp forward into the upper launder, 
so that the drip and splash are much greater than with a well designed wheel 
with internal buckets, into which the pulp can be delivered by a launder, 
without any splashing whatever. Consequently the latter type only is used 
at the present time. 

The mechanical stresses to which a lifting wheel is subjected are similar in 
nature and degree to those which occur in a water wheel, so that the rules as 
to the strength of the various parts laid down in special treatises on the latter 
may be followed. The chief essential difference is, that in the internal lifting 
wheel the buckets must laterally overhang their supporting arms in order to 
allow of the reception and discharge of the pulp. 

Double wheels have been built with a set of buckets on each side, and the 
driving pulley between them, so that they are perfectly balanced laterally. 

In the most recent practice the driving pulley is always of large diameter, 
because by this means the stresses developed in transmitting the power from 
the pulley to the buckets are confined to a small portion of the framing, 
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namely, the part near the outer circumference, while the chief function of the 
radial arms is then only to transfer the weight of the rim of the wheel to the 
shaft. A belt or rope drive is now generally used. 

In deciding upon the diameter necessary for a given lift, allowance must 
be made for the height necessarily lost between the lip of the bucket in its 
highest position and the bottom of the receiving launder. Also, for the radial 
depth of the buckets, and for the small space between them and the supply 
launder. | 

In practice the ratio of outside diameter to nett lift is generally about 1°3 
to 1, so that about 23 per cent. of the power expended is unavoidably wasted 
from this cause alone. 

The buckets are generally formed by plane divisions, and some diversity 
of opinion has been displayed in existing examples as to the proper angle at 
which these dividing planes should be placed. It is therefore worth while to 
briefly examine the conditions which affect this element of the design. 

For this purpose the operation of the buckets may be considered in three 
separate stages, namely, filling, lifting, and discharging. | 

Figs. 152 and 153 show a few buckets in their lowest position for two 
different cases, that is to say, in fig. 152 the divisions make a small angle 


Figs. 152, 153.—Positions of Buckets. 


with the radius, and in fig. 153 a large one. It is at once apparent that the 
mouth of the bucket in the second case is much narrower than that in the first 
figure. Consequently, if the angle is made very large, the mouth becomes so 
extremely narrow that the air inside is liable to be trapped by the entering 
pulp, so that the bucket could not readily be filled, and the amount of splash 
would be increased. A wheel designed with a very large angle could, there- 
fore, only be run slowly in order to give the buckets time to fill properly. 

In figs. 154 and 155 the same buckets are shown at the point where the 
discharge is intended to begin. In the former figure nearly the whole of the 
pulp in each bucket has been lost, having dribbled back down the inside of 
the wheel. To overcome this difficulty, fixed aprons are placed close to 
the inner edges of the buckets, so that the water cannot so easily escape. In 
fig. 155, however, a much larger proportion of the pulp has been lifted to the 
discharge point, so from this point of view the larger angle is far more satis- 
factory, because there is less drip, and also less power wasted in lifting a 
portion of the pulp, through part of the height, over and over again. 
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These drawings, of course, are only quite correct for wheels moving very 
slowly, because a greater speed will cause a greater portion of the liquid to be 
lifted, owing to its inertia. But in any case the difference between the 


Fies. 154, 155.—Positions of Buckets. 


quantities lifted by the two forms of buckets will be very considerable, and it 
is better to have a slowly moving wheel working efficiently, than a quickly 
moving one working badly, and with a lot of splash and drip. 

Figs. 156 and 157 show the position of the buckets at the end of the 
discharge. Here the first named has an apparent advantage, because the 
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Fias. 156, 157.—Positions of Buckets. 


dividing planes attain a more vertical position. But the discharge is so rapid 
in either case that this is of no real benefit except in very high wheels, in 
which the sand tends to settle in the bucket before reaching the point of dis- 
charge. 

By placing the divisions very close together, as in fig. 158, the total 
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Fig. 161. 


Fic. 160.—Half Vertical Section. 


Double Tailings Wheel. 
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quantity lifted can be increased, but only at the risk of some of the sand 
remaining in the buckets, owing to their mouths being too narrow. 

It appears, then, that no absolute rule can be laid down as to the best 
possible inclination of the bucket divisions, but an angle of 65° may be recom- 
mended as avoiding the disadvantages of either extreme. With this angle a 
suitable pitch for the buckets may be arrived at in the following manner, as 
shown in fig. 159, where a b is the outer circle of the wheel, ¢ d the inside of 
the shrouding, and the dotted line ef represents the inner circumference of 
the buckets. Let j &% represent a radius of the wheel at the point where 


Fic. 158.—Position of Bucket. Fia. 159.—Pitch of Buckets. 


discharge commences, and which cuts the circle ef at the point e. From e 
draw a horizontal line cutting ab at h, and draw eg making an angle of 65° 
with 7%. This latter line is the inside of one bucket. The thickness of the 
division and of the hard-wood lining (if any) is marked off by the line / m, and 
the distance hm is the required pitch. As this may not be an exact sub- 
multiple of the circumference, it must be modified accordingly. It will be 
seen that the area of the triangle eh g is very nearly equal to half that of the 
figure enh g, hence for wheels laid out in this way the capacity per revolution 
is given with sufficient accuracy by the following formula. 
Let R=radius in feet at back of buckets 

r=radius in feet at mouth of same 

n=number of buckets 

1=length of divisions measured on incline in inches 

¢=thickness of same in inches 


B=inside width of bucket 
C=capacity in cube feet per revolution 


_p/{rR?- «xr? lin 
O=B( 9 -Tn) 


The quantities wR? and zr”, being simply the areas of the respective circles, 


can be at once written down from tables. When the divisions are very thin, 


as, for instance, those of sheet iron without wooden lining, the term oe, may 


Then 


be neglected, and we get 


o=B(™ SF") 
2 
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The tailings wheel illustrated in figs. 160 and 161, from drawings kindly 
lent by Ernest Williams, of Johannesburg, is of the double type, that is, with 
buckets on both sides of the arms, and with a driving pulley in the middle. 


7 


ra 


Fia. 162.—Tailings Pump ; End View, etc. 


It is 33 feet in diameter, and is designed for a nett lift of 24 feet. When 
running at 4 revolutions per minute, it is suitable for lifting the pulp from 
a 100-stamp mill, crushing, say, 500 tons per day. It has 96 buckets on each 
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side, laid out to a tangent circle 24 ft. 6 in. in diameter, so that they make an 


angle of about 50° with the radius, 
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Fic. 163.—Tailings Pump ; Side View of Frame, etc. 


Tailings Pumps.—At many mines, especially in Australia, double-throw 
plunger pumps are used for lifting battery pulp, with satisfactory results. 


CYANIDING GOLD AND SILVER ORES. 


328 


‘lasunT_ Jo 10mg spenbs q ‘ [rejeq ut dung s#urrey, 10} xog oayeA—‘pOT ‘Oly 
‘dV UMfd oucnrg 


i ‘ 
“F.. ate 5 
Te ES Ve ZC ee ee >! 


AV uorwagy Wuorpas 


, TAILINGS WHEELS AND PUMPS, 329 


BELT CONVEYORS 


‘SoTOUL UI JesuN[g Jo doyeureiq, sjenbe ([ wey sUCISUEUTIGG SUIMOYS—"GOT ‘DIg 


dWNd SONTIVE JO STIVLAG 


im ae ae : Ae ee ee 


MESS agg 


= +([-- = 
apg fy eae a 


Seah, Some = SAG aS 
i 00m YM VaINY Sajy # | ie ape os 
Lippy Oe el Wf ON Kay 

fret aaa A ree ee Eee I ee 


‘ 


330 CYANIDING GOLD AND SILVER ORES. 


Figs. 162 to 165 show a simply designed tailings pump, such as may be made 
in small engineering works usually found in mining districts. The dimensions 
given are for cast iron, the spur gear, connecting rods and crank shaft of steel, 
and the timber frame of hard wood. The lift may be anything up to 150 feet. 

The chief difference between tailings pumps and water pumps is that in 
the former all the passages have to be choked, so as to give a high velocity to 
the flow of pulp through the passages and pipes, without unduly increasing 
the speed of the pump ; the obvious object being to prevent the sand settling 
' while it is being transferred. Also, it will be noticed in figs. 162 and 165 
that there is a half-round groove a just below the stuffing-box, which is con- 
nected with a pipe b, provided with a valve c, and below this groove is a cup- 
leather which fits tightly around the plunger. The pipe 6 is connected with 
a cistern of clean water fixed at a suitable height, so that the water may flow 
by gravity. In the up stroke of the plunger the valve ¢ opens and admits a 
supply of clean water to the groove a, which then runs down between the 
plunger and the cup leather, washing off any adhering grit, which is thus pre- 
vented from getting to the packing. In the down stroke the valve ¢ closes 
by the pressure from inside, and the cup leather is pressed tightly around the 
plunger, and thus prevents grit being forced into the groove or packing. The 
valve box shown is arranged for ordinary clack valves, but some makers prefer 
to use disc valves, for which a box can be easily designed. An air vessel 
should be provided to keep the flow more regular, and to relieve sudden 
internal shocks to which these pumps are liable. The delivery pipe is attached 
to d, and must be in a regular line, free from kinks where sand can lodge. A 
sluice valve e should be provided to empty all the passages immediately the 
pump stops. A fairly high speed of 15 to 25 strokes a minute is desirable, 
and the capacity may be regulated, in case of need, by adjusting the crank 
pin, which is preferable to varying the speed, as a short, quick stroke prevents 
settling better than a long, slow one. Leather may be used for the valves, 
but rubber will be found more durable; old rubber belting answers the 
purpose very well. These last three to four months, and plunger cup leathers 
last about a year. 

It is not desirable to make the suction pipe more than 8 feet long, and 
the sumps should be small, but large enough for a man to get into and clear. 
A fall of 2 or 3 feet for the pulp into the sumps prevents settling. 

The following examples illustrate the sizes used in practice, from which 
others can be readily calculated, for any given case. At the Bonanza mine, 
Johannesburg, for 55 stamps, crushing about 260 tons per day, one double- 
throw plunger pump, 12 inches diameter by 48-inch stroke, lifts the whole 
pulp, say 2600 tons, to a height of 45 feet. A second pump is provided as a 
stand-by, and to allow of repairs being effected without interfering with the work. 

At the May Consolidated mine, Johannesburg, one double-throw plunger 
pump, 15 inches diameter, lifts the pulp from 100 stamps to a height of 65 
feet. These two examples give a mean figure of 1 circular inch of plunger 
area for each 20 tons of pulp to be lifted per day. 


CHAPTER XLI. 
DESIGN AND CONSTRUCTION OF SPITZLUTTE AND SPITZKASTEN. 


Tue theory of bodies falling in water has been worked out by Rittinger, the 
inventor of the spitzkasten, and published in his Lehrbuch der Aufbereitungs- 
kunde from 1867 to 1873, and the reader is referred to that work for full 
details. Only a brief summary of his results can be given here, for the use of 
those to whom the original work is inaccessible. 

Let W = pressure exerted on a flat horizontal surface by a vertically flowing 


stream of water whose velocity is v. Let f be the area of the surface. 


Then 
Wenlpteemee) Mee t) 


If f=1 square metre, the pressure is w=51v? kilos. 
If the velocity »=1 metre per second, the pressure on one square metre is 
a=51 kilos., and the equation may be written thus— 


= at : 3 : , : ee 


Whether a body will fall in the stream depends not only upon the weight 
of the body, but also upon the size and form of the surface opposed to the 
stream. 

Rittinger gives the following equations for the pressure on variously 
shaped bodies. 

A wedge pointing downwards when h=height and } = breadth. 


a 
Eo ees . 2 ¢ ; u : : 8 
“1 Ah? 1 ( ) 


b? 


If the section of the wedge is an equilateral triangle, then a =F: And if 


the angle at the bottom of the wedge is a right angle, then a, = 5 


The actual meaning of the above results is, that while a cube opposing a 
flat face to a stream of unit velocity will lose 51 kilogrammes of its weight for 
one square metre of surface, a right-angled wedge will lose only one-half and 
an equilateral wedge one-quarter of this amount, on account of the upward 
motion of the water. 

For a cone when @=half the angle at the apex, 


Ap = a sin?B 
Therefore when 
B=45° a= oi (4) 
And for a hemispherical surface, 
= % (5 
3-5 ) 
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So that in all cases, whether the body is a wedge, cone, or hemisphere, 
when the depth is half the breadth, we have the same result; that is to say, 


ate) wal tee eh: | 
Ay — Ag — Ag — Q 


which for unit area and unit velocity = 25'5 kilogrammes. 

Rittinger, as the result of numerous experiments with spherical bodies 
from 1 to 10 millimetres diameter, and of specific gravities from 1°3 to 11, 
gives the value of a, at 25°5 kilos very nearly, so that within these limits 
calculation and experiment agree very closely. 

The above equations have been quoted, because they lead to the general 
conclusion, that the resistance of the water to a falling body depends more 
upon the relative depth and width of it than upon the actual shape of its 
specific lower surface. 

General formule for bodies falling in water are given as follows— 


s= distance through which the body falls 

¢=time in seconds at the end of which the motion of the body is considered 
d=diameter of sphere 

5=specific gravity 

= 1000 kilos= weight of 1 cubic metre of water 


Sey 
: C= 3a, 
Then 

s=Bllis/de=1)  . 5 


And from this the mean velocity 
0= 5 =511/d(5—1) og ee 


The following corollaries of the last equation are of importance. 
(1) With two equal falling bodies of different diameters d, and d, and 
different specific gravities 6, and 6,, then 


ay _8g-1 


am . . i =e 
That is to say, if the equal falling bodies have different densities, their 
diameters are also different, and vice versd, the denser body having the smaller 
diameter, and consequently the smaller volume. For quartz and ordinary iron 
pyrites, the diameters are as 2°5 to 1 nearly, while the volumes are as the 
cubes of these numbers, namely, about 16 to 1. 

(2) If P, and P, represent the absolute weights of two equal falling bodies, 
they are thus related— 


P, _ 8,(8,- 1) 
Pec 


Thus, for quartz and pyrites the relative weights are about 10 to 1 
as calculated from this last equation, and in all cases the denser body 
has not only a smaller diameter and volume, but also a smaller absolute 
weight. 
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These last considerations show clearly why it is possible to take out a 
large proportion of the pyrites from battery pulp, together with only the 
coarsest particles of the quartz, in a spitzlutte, as now so largely prac- 
tised on the Rand, although, as we shall see later, the actual numerical 
results of the last two equations do not apply to very small grains of 
irregular shape, as shown by the experiments of R. H. Richards quoted 
on p. 335, | 

So far as we have yet gone, Rittinger’s investigations deal only with bodies 
of regular shape. In treating of irregular bodies, he designates the resistance 
of the water by 

ag=Ca= (51 : ; : : , : oe GUE 
where ¢ is a coefficient, depending upon the form of the grains, which is — 
determined experimentally. 

Experiments with grains, selected according to shape as well as according 
to size, gave the following figures— 


Rounded grains ¢=1°25 a7) oo 
Ponpish _§,,7 *C=1586 a=) 20 
Flat C= 2 On a4=120 


When the weight and sp. gr. of a grain is known, the diameter of a sphere 
of equal weight can be calculated. This ‘ideal diameter’ of the grain may be 
represented by d,. Then the velocity of the falling grain is 


Lye, hale e ee 
NEA it eae ; s k ; aks 
Putting the constant factor 
9» 
“Y =O 
Nis Ce 
we get 
= Oor/d,(8; —1) ° ° . ° > . (12) 


Assuming 50 per cent. of rounded grains and 25 per cent. of each of the 
other kinds, the average value of C,=2°85 as compared with C,=5°11 for 
perfect spheres. 

But Rittinger goes a step further in a practical direction, for instead of 
using this ideal diameter, he connects it with the size of sieve holes D by 
putting »D for d, in the equation for v, thus— 


v= s%uD(B-1) Bee an aeren SFT 


G4 


Then putting the constant quantity 


ay _¢ 
NE 3 


he finally obtains the equation 


P= UND Sal hue ee oe ess ee as ae eA) 
and from experiments deduces the following values— 
Rounded grains u=0°73 C,=2°73 
Longish ,, pw=0°80 C,= 2°37 


Flat y= 0°67 C,=1'92 
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Average value, on the same assumption as before, as to the relative 
quantities of each shape, C, = 2°34. 

There is a slight discrepancy between the values given for » and C, in the 
case of longish grains, but as it only affects the second place of decimals in 
the average value of C, it is unimportant. 

The average velocity for irregular grains having specific gravity 6, and of 
the sieve class produced with holes of diameter D, can therefore be found from 
the following empirical equation— 


p=2'34/DiS—1) 9... 


Now, if the grains are placed in an upward current of water whose velocity 
is equal to the mean velocity of the falling grains, a state of equilibrium is 
produced for this particular kind of grain, and all grains which fall more 
slowly will be carried upward and thereby separated from those which fall 
more quickly, as already explained with reference to figures 38 and 40, on pages 
177i and 178. 

Rittinger sums up this part of his work in the following words :— 

“The empirical values of C, are nevertheless diverse, even with bodies of 
like forms; one must therefore despair of an exact formula for irregular 
bodies in water, and must be contented with the above approximation 
(schliefschlichen), which is quite sufficient for practical work.” 

He gives some tables calculated from the last equation, from which we 
have compiled the following figures. We have also given the diameters in 
inches and the velocities in feet per second. 


TaBLE LXXII.—Velocity required in upward flowing stream of water 
to hold wrreyular bodies in equilibrium. 


- a Velocity v in feet per second. = an) Velocity v in metres per second, 
Oo A Ts 
— Galena Pyrites Quartz 2 EN Galena Pyrites Quartz 
2 4 isp. eT. =7°5.| sp. gr. = 5. sp. gr. =2°6. 2 S jsp. gt. =7'5.\ sp. gt. —5. sp.) gh ee 
| 0°157 1286 0°984 0°640 4 0°392 0°30 0°195 
0°118 1°115 0°853 0°558 3 0°340 0°26 0°170 
0°110 1°073 ne 0°528 2°8 0°327 a 0°161 
0°079 0°912 0°722 0°449 2 0'278 0°22 0°137 
0°055 0°761 oe 0°377 14 0°232 cae 0°115 
0°039 0°640 0°492 0°318 1 0°195 0°15 0°097 
0°028 0°541 a 0°269 0°71 0°165 ee 0°082 
0°020 0°453 0°328 0°239 0°5 0°138 0°10 0°073 
0°014 0°380 Loe 0°190 0°35 0°116 se 0°058 
0°010 0°321 =a 0°157 0°25 0°098 ive 0°048 
0°005 0°226 ire 0°112 0°125 | 0°069 ove 0°034 
| 


The next table shows the results obtained by R. H. Richards,* of Boston, 
* Spitzkasten and Slime Tables, Proc. Am. Inst. of Min. Eng., vol. xxvii. p. 76. 
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U.S.A., from an extensive series of experiments. As noted at the foot of this 
page, the diameters were obtained by measurement of sample grains, and not 
by the size of sieves as in Rittinger’s experiments. 

A comparison of these figures with those of Table LXXII. shows a certain 
amount of disagreement, and to make clear the nature and extent of this, we 


Taste LXXIII.—Diameters of Quartz and Galena particles which are equal- 
settling in upward currents specified under free settling conditions, 


N Nn Ds 3 Wo Re 
ao qo 6 ow ? a.4°0 gen SZ o 
ean odes Diameter of 83 q Diameter of a ac 5 aces 
34e8|.2.8¢ Particles in ar Particles 25.) 8Hoe | 225 
as, O hee =) inch Pp sr : illi < Selina oe Hoy 7 Sh 
neo |] ns 8 inches. oa,-2 | inmillimetres. | gS | 7 oH | O12 
Sen] Ge B ce Sek Sea,| SHS | Ces 
One ., Ory is (aon Me) ales Ore 3a 0° oD 
Belol|BPe a ao Sos ae Boe | se 8 |S 5 2 
ee ol ke A, agg si ee lie bas Ba sg 
a 5 as Meso ass | @2s |asgo 

Oo OS Quartz. | Galena. 3 3 | Quartz. | Galena. Oa | AO 4 oe 


0301*) °0194* 0°00 1°26 
"0335 | °0198 1°26 2°51 
"0568 | ‘0292 2°51 5°05 
0772 | °0412 5°05 7°42 
0982 | °0488 7°42 10°01 
1423 | °0613 10°01 14°68 
"1875 | 0721 14°68 19°80 
"2254 | °1032 19°80 30°12 
3416 | °1305 30°12 40°37 
*3880 | °1404 40°37 50°08 
5241 | °1708 50°08 60°09 
spouse 1997 60°09 70°34 
°6590 | °2381 70°34 80°28 
°8604 | °2750 80°28 90°21 
1°0234 | °3428 90°21 99°54 
1'1424 | ‘3504 99°54 | 110°09 
1°3216 | °3648 | 110'09 | 120°03 
1°4224 | 3776 | 120°03 | 180°48 
1°4256 | °4208 | 180°438 | 140°37 
1°6032 | *4560 | 140°37 | 150°31 
1°6848 | 4592 | 150°31 | 160°09 
1°7488 | *4624 | 160°09 | 169°95 
1°8082 | ‘5248 | 169°95 | 180°51 
1°9744 | 5776 | 180°51 | 198°78 


000 050 | :00119*| *00076* 
050 099 | 00132 | 00078 
099 "199 | 00224 | °00115 
"199 "292 | 00304 | 00162 
"292 *394 | ‘00387 | ‘00192 
394 577 =~-| °00561 | °00242 
‘577 "780 | 00789 | 00284 
‘780 | 1186 | 0089 | 0041 
PAS6 1 1°589 | 01385 | *0051 
1°589 | 1°972 | 0153 | 0055 
1°972 | 2°366 | °0206 | :0067 
2°366 | 2°769 | °0232 | :0079 
2°769 | 3°160 | :0260 | ‘0094 
3°160 | 8°552 | 0339 | :0108 
3'552 | 8°919 | 0403 | ‘0135 
3°919 | 4°334 | °0450 | 0138 
4°334 | 4°726 | °0521 | ‘0144 
4°726 | 5°185 | 0560 | °0149 
5°185 | 5°526 | °0562 | °0166 
5°526 | 5°918 | 0632 | °0180 
5°918 | 6°303 | ‘0664 | ‘0181 
6°303 | 6°691 | ‘0689 | °0182 
@60l)) 7106 | 0710 | 0207 
me10b tr °826 1 °0778 | 0228 


IABTOMNKBKRWNNYHOCHOVYIOAKRWNO 
CAWNSRONAOHMNONNNMONDOSLAR 


Wm MWMWWWWWWNWNNWNNNNNNHHHH 
BBRTAMWUIANOEVH SYR HAWODbOaN 
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give in Table LXXIV., in parallel columns, a selection of figures from the two 
series. As Rittinger’s velocities are for equilibrium, we have taken the mean 
of Richards’ pair of velocities in each case as fairly representing the same 
condition. 

The first point to be noted is that for quartz grains of 1 mm. diameter, 
the two figures agree very closely, as there is less than 5 per cent. difference 
between them ; and for galena grains of 0°35 mm. diameter, the difference is 
only 104 per cent., reckoned on the smaller figure. It is probable, therefore, 


* The length and width of each of ten grains of quartz and of galena were measured for 
each product by microscope micrometer, and the mean of each 20 measurements is called the 
average diameter. 
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that the experiments from which Rittinger’s coefficients were derived were 
carried out with grains of about these sizes. For both materials, however, 
Richards’ results give a much greater range of velocities for the same range 
of diameters. In other words, Richards’ figures for large grains show a greater 
velocity than Rittinger’s, and for small grains a less velocity.. It is clear, there- 
fore, that there is some force in operation which increases in relative import- 
ance as the particles decrease in size, and which acts so as to retard the fall 
of the grains, and thereby aids the upward current, and it appears likely that 
this is due partly to the skin friction of the grains themselves. For this friction 
will tend to cause the grain to move with the water, because it opposes any 
relative motion between the two. Also the friction varies as the square of 
the diameter, while the weight varies as the cube thereof, so that the frictional 
resistance becomes relatively greater for small grains than for large ones. In 
Rittinger’s investigation, skin friction was not taken into account, and it 
therefore requires modification to allow for this retardation of the fall of the 


TaBLE LXXIV.—Comparison of Rittinger’s and Richards’ Results. 


Velocities for Quartz Velocities for Galena 
Diameter of in metres per second. in metres per second. 
Particle in 
millimetres. 
Rittinger. Richards, Rittinger, Richards, 
2 0°137 0°192 
1 0°097 0°093 ae ure 
0°5 0°073 0°053 0'138 0°167 
0°35 0°058 0°036 0'116 0°105 
0°25 0°048 0°028 0°098 0°077 
0°125 


0°034 0°011 0:069 0°034 


grain. Pending further investigation in this direction, his equation is, how- 
ever, very useful for application in cases where experimental data are not 
available, and this comparative examination of it, in the light of Richards’ 
results, serves to show in which direction it is likely to err in any particular 
case. 


The column of ratios between diameters of quartz and galena grains in 
Table LXXIII. shows that equation 8 on p. 332 does not hold good numerically 
for very small grains. Thus the equation gives the relative diameters of 
equal-falling grains of quartz and galena as 4 to 1, while in the table the ratio 
varies from 3°78 to 1:55. In spite of certain irregularities which are unavoid- 
able in such work, the gradual decrease in the ratio as the particles become 
smaller is very marked, and, on the whole, very uniform. This point should 
also be borne in mind when using equation 15 for determining the size of 
spitzlutte. This discrepancy between calculation and experiment is also 
probably due, to some extent, to the skin friction. 
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It would appear from the foregoing that gravity and skin friction were 
the only factors of importance that exert influence on bodies falling through 
water. This is the case with particles of an appreciable size; but as the 
particles become finer, other factors, viz., viscosity of the water and electro- 
static repulsion of the particles (see Chap. XXIX.), become of even greater 
importance. 

It is to be observed, however, that the principles elucidated by Rittinger’s 
investigation are untouched by these discrepancies, and that a rising stream of 
water, as employed in a spitzlutte, is a suitable and fairly satisfactory means for 
(1) separating grains of equal density according to their size ; (2) for separating 
equal-sized grains according to their specific gravity ; and (3) for separating, 
from mixed bodies of different sizes and densities, a group of equal-falling 
grains. As previously mentioned, in cyanide work the last-named operation 
is usually performed by the first spitzlutte, after which the function of the 
other boxes is principally to size the remaining grains. 

The practice, somewhat recently introduced, of speaking of pointed boxes 
as ‘sizers,’ is therefore inaccurate; they are distinctly hydraulic classifiers, 
capable of several kinds of classification. Rittinger used the word ‘class’ to 
designate a group of grains of equal size, and the word ‘sort’ for a group of 
equal-falling bodies, but in English, as the latter word has a quite different 
and well-established meaning in metallurgy, it is not advisable to use it for 
this purpose. 

However, as far as the cyanide process is concerned, the chief value of 
pointed boxes lies in their capability of separating coarsely crushed particles 
from the finer ore. They are imperfect for this object, but are the best 
appliances we have for the work. The coarse particles fall through the rising 
stream of water and separate largely, according to their specific gravities, while 
the fine particles are prevented from falling, chiefly by the viscosity of the 
water or pulp, the skin friction and electro-static repulsion. If gravity was the 
only factor acting, we should be able to separate all particles according to their 
specific gravities, and pointed boxes would become concentrators, since it is 
the heavy particles that chiefly carry the gold, but viscosity and the other 
factors always exert: their influences, and prevent the finer particles from 
falling, no matter what their specific gravity is. Thus a set of conditions that 
would be applicable to separate coarse particles, according to size, when gravity 
is the main factor acting, would not be applicable to fine particles, for then 
viscosity of the water and electro-static repulsion would be the main factors. 

In the cyanide process we want first to separate the coarse particles, and 
finally to separate the very fine particles or slime; and it is clear that an 
appliance constructed on principles that would be perfect for the former case, 
would be imperfect for the latter, and vice versa. For this reason chiefly, 
in practice, equally good results are often obtained with apparently crude 
appliances, as with those constructed on recognised theoretical principles. 

Practical Design of Spitzlutte.—For a good separation, it is necessary 


that the rising stream should have, as nearly as possible, the same velocity at 
22 
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every part of its cross section. This desideratum is attained by passing it 
through a rectangular passage, one of whose dimensions is very small 
relatively to the other. Thus, in figs. 166 and 167 the passages a and b are 
18 inches by 14 inch. In those figures the pulp arriving by the launder / 
passes down passage a@ and then upwards through 0 to the overflow at m. 
The selected grains therefore fall out of the flowing stream at c, and below 
this point the space m, with inclined sides dd, is provided to lead the sepa- 
rated product to the central discharge pipe 0. Clean water is supplied through 
pipe ¢ at sufficient pressure to keep back the battery water and the finer solids, 
and so to ensure a clean product. Ina series of apparatus of this kind, the 
second one would have a passage of larger sectional area, in order to obtain 
less velocity, and consequently a finer product. 
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Fics. 166, 167. —Spitzlutte. 


From the data in the above tables it is now easy to find the proper 
dimensions of the passage for a given quantity of pulp, in order to separate 
grains of a certain size of any substance whose specific gravity is known. 

As an example, assume that a spitzlutte is required to separate from a 
battery pulp the coarsest particles of quartz which have passed through a 
25-mesh screen, with holes of, say, 0°026 inch, and that 250 tons of ore are 
crushed daily. At 9 tons of water per ton of ore, the total quantity of pulp | 
is 74,575 cubic feet per day, or 0°863 cubic foot per second. From Table 
LXXIITI. the necessary velocity is 0°231 foot per second. Then the required 
section area is equal to 


quantity _ 0°863 


2 = oe rfl fe 
velocity 0°231 {4 see 
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or 538 square inches, Therefore taking, say, 4 inches as the small dimension 
of the passage, its width must be 
11 ft. 24 ins, This width would 
require a great depth for the 
triangular space (n in fig. 167) 
below the passage, and it is nN ; 
therefore more convenient to 
divide it between, say, three 
boxes, each of which will then 
be 3 ft. 9 ins. wide. Of course, 
with the quartz grains of the 
selected size, the product will 
also contain smaller particles of 
all the heavier minerals present, 
and generally, therefore, a much 
greater percentage of mineral than Fic. 168,—Spitzlutte, 
the original pulp. 
The next step is to determine the difference between the levels of inflow and 
outflow, which is required to cause the pulp to actually pass through the 
passage at the velocity for which the spitzlutte is designed. The ordinary 


A) 
formula h = arene be used, and extra head allowed for friction in the passage, 


but in practically all cases the calculated 
head is so small, say $5 inch or there- 
about, that it is negligible in com- 
parison with that required to overcome 
the friction, which may be from 4 to 
2 inches, according to the size of the 
apparatus and the material of which 
it is built. 

As already mentioned, the object of 
making one dimension of the passage 
very small is to secure a uniform pro- 
duct, but the above example shows that 
this requires sometimes a very great 
width when the apparatus is constructed 
with a single passage, as in figs, 166 
and 167. 

Fig. 168 shows diagrammatically 
how this objection may be obviated by 
the use of several parallel passages, 
aa and 00, 

But it often happens that extreme 
accuracy of grain selection is not re- 
quired, and in such cases the cross-section of the spitzlutte passage may 


Fias, 169, 170,—Spitzlutte, 
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approximate to a square. Thus, in the above example, by making the smaller 
dimension 18 inches, the width is reduced to 2 ft. 6 ins. for the whole of the 
pulp, and the depth is also thereby sensibly diminished. In this case we 
have an apparatus of the general form shown in figs. 169 and 170. 

Figs. 171, 172, and 173 illustrate a neat form of spitzlutte introduced by 
the United Engineering Coy. of Johannesburg, to whom we are indebted for 
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Figs. 171, 172, 173.—Spitzlutte. 


the drawings. The cross-section of the passage can be adjusted to give any 
required product within limits, by raising or lowering the inner V by means 
of the screw and nut shown. The pressure water is admitted through a 
narrow slit which extends right across the width of the apparatus. 

Another stage in the modification of the spitzlutte is shown in figs. 174 
and 175. In this form the inner V is replaced by a vertical partition e, 
arranged to slide up or down to effect a rough regulation of the product. 
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This form involves a serious departure from theoretical perfection of product, 
because the velocity of the stream will not only be different at various portions 
of any cross-section, but will also vary at different parts of the length of the 
passage, being slower at a and } than it is at c and d. In fact, this last form 
is really intermediate between the spitzlutte and the spitzkasten, for as the 
partition ¢ is raised, the definite control of the flow is gradually diminished, 
until, with the entire removal of the partition, the transition-of the apparatus 
to an actual spitzkasten is complete. 

Spitzkasten.—This form of apparatus does not lend itself so readily to 
calculation as does the spitzlutte, and the rules for determining its shape and 
size are chiefly founded upon the results of experience. 
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Fies. 174, 175.—Spitzlutte. 


Rittinger recommends the use of four boxes in succession, the width of 
each being twice that of the preceding one. For the first, his rule is to 
allow a width of one-tenth of a foot for each cubic foot of pulp flowing 
per minute=6 feet for each cubic foot per second. 

Taking, for example, as before, a battery crushing 250 tons per day = 0°863 
cubic foot per second, the widths of the four boxes are 5 ft. 2 ins, 10 ft. 
4 ins., 20 ft. 8 ins., and 41 ft. 4 ins. 

Linkenbach, in 1887,* gave the following rule. The width of each box is 
to be 14 times that of the preceding one, and for the first box an allowance 
of 0-067 foot is to be made for each cubic foot per minute = 4 feet for each 
cubic foot of pulp per second. These sizes are said to be suitable for material 
from a 14 mm. screen = 0°059 inch, when three boxes are used in series for 
sand. He further recommends the use of three boxes for slime, of which the 
first is to have a width of 0°213 foot for each cubic foot per minute, or 12°78 
feet for each cubic foot per second. The width of the last box in our example 
will, by this rule, be 24 ft. 10 ins. This, he says, gives almost clear water 
overflow. There is a considerable difference in these two sets of figures, due 


* Die Aufbereitung der Erze, Berlin, 1887. 
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probably to the different conditions as regards the material treated and the 
water used. The presence of acid in the water, or of carbonate of lime in the 
ore, would facilitate the settlement of the finer particles. 

In compiling the following table, we have carefully compared the figures 
of both writers, as to the sizes of the grains for which the boxes were intended, 
with the practice on cyanide plants, so far as reliable figures are available. 


TaBLE LXXV.—Width of Spitzkasten for separating Grains of Quartz. 


Width in feet 
for each cubic 
foot of Pulp 
per minute. 


Size of Grain required in the Product. 


Coarse grit, . ‘ : . : : 
Sand passing sieve with holes = 0'05 inch, 

2 30-mesh sieve, ‘ 

“ 40- to 60-mesh, . 

90- to 120- ,, 

Slime from Rand banket with lime, . 
Slime settlement without lime, from 

Oa i 2) 29 to 
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The length of the box is of less importance. Rittinger recommends 6, 9, 
12, and 15 feet for his four boxes, while Linkenbach, for six boxes, gives the 
following sizes: 1 ft. 8 ins., 2 ft. 6 ins., 3 ft. 9 ins., 12 ft., 16 ft., and 20 ft. 

Inclination of Walls.—If the walls are not sufficiently steep, the falling 
grains collect in heaps, especially in the angles of the inverted pyramids, and 
fall occasionally in masses upon the outlets, which thereby become blocked. 
Experience shows that an angle of 55° with the horizontal is desirable, 
and only in extreme cases of limited fall should the absolute minimum of 
45° be allowed, when the walls should be lined with glass or other smooth 
material. The depth inside will therefore, in ordinary cases, be equal to 


? tan 50° = 0°6B, where B is the greater longitudinal inside dimension. 


Discharge Orifice and Pressure Water.—The discharge, when no pressure 
water is used, is proportional to the square root of the depth, and therefore to 
/0°6B. But the quantity of pulp passed through the box, and therefore 
also the amount of solid matter discharged of the selected size, is proportional 
to the width. Consequently, with an orifice of given size, a large box should 
give a thicker product than a small one. The minimum size for the discharge 
necessary to obviate choking is about # inch diameter. 

The sketch given in fig. 176, which is a form sometimes used, illustrates 
very well the functions of the pressure water. : 

A is the lower part of the spitzkasten, B is a separate chamber, C the pipe 
supplying pressure water, and D the outlet for the separated product. We 
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may assume an ideal case where the pressure in B exactly balances the down- 


Fie. 176.—Discharge orifice. Fic. 177.—Discharge orifice. 


Fics. 178, 179.—Spitzkasten. 


ward pressure at the opening E. Then the selected grains would (theoretically) 
fall from the muddy water in A through E into the clear water in B, and 
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so through the outlet D, by which only clean water and selected grains 
would pass. To ensure this last condition in practice, the pressure in B has 
to be rather more, say 6 to 12 inches, than that in A, and to avoid an ex- 
cessive waste of clean water a counterpressure has to be set up at D. This is 
done by attaching a bent pipe F, whose outlet is at a higher level. By using a 
flexible hose for this purpose, the outflow can be immediately regulated at any 
time by raising or lowering the upper end 

me of it. For coarse material, the nett differ- 

lind PR PPR id ence between the overflow level and the 


underflow discharge may be from 3 to 34 


DP lind DP feet, and for slime from 2 to 23 feet. 
Fig. 177 shows a discharge pipe arrange- 


ment that has given good results in prac- 
DR did did Dm Dm tice, and that shown in figs. 171 and 172 

is also very good. 
With care, the outflow may be made 
to contain as much as 37 per cent. 
of solid matter from the first boxes, 


but for slime, as little as 7 per cent. is considered satisfactory in some 
cases. 


Fic. 180.—Large spitzkasten 
in plan. 


The construction of spitzkasten is very tio and will be readily under- 
stood from the example given in figs. 178 and 179. 

As it is often impossible to use large spitzkasten consisting of a single 
pyramid, on account of their great depth and the consequent fall required at 
the site, the arrangement of a number of small pyramidal boxes, placed side 
by side and end to end, as indicated in fig. 180, is commonly adopted where 
large quantities of pulp have to be dealt with. 


CHAPTER XLII. 
COST OF CYANIDE PLANTS. 


In speaking of the construction cost of plants, it is customary to take the 
monthly output in tons as a basis of comparison. 

In Johannesburg a single-treatment plant with timber vats and staging on 
stone foundations, including equipment, costs about £1°25 per ton for, say, 
15,000 tons and upwards, and £2°5 for, say, 5000 tons. 

In Eastern Australia similar works of about 2000 tons monthly output 
cost from £2 to £2°3 per ton, according to their situation. 

In America a large modern plant, with steel vats fully equipped for classi- 
fying and treating battery pulp, can be erected for £2 per ton. 

In Johannesburg a modern double-tier steel plant, including tailings wheel 
and spitzkasten, mechanical haulage, etc., may be priced at £3 per ton treated 
monthly for 10,000 tons, and £4 for 5000 tons. 

In Western Australia a complete outfit for dry crushing and direct treat- 
ment inclusive, from rock breaker to filter presses, runs to about £20 per ton 
of monthly capacity. 

Generally this method of stating costs is convenient for the comparison of 
different plants in a rough-and-ready way, but sometimes it is misleading. 
For instance, to compare the prices given above for timber and steel plants in 
Johannesburg, without qualification would lead to the conclusion that steel 
construction costs twice as much as timber in that particular district. But 
there are differences in arrangement and function that have to be taken into 
account. In the modern plant we have first of all provision for double treat- 
ment, which somewhat increases the vat capacity from, say, 0°33 ton for each 
ton treated per month in the older type, to 0°46 ton in the modern plant. 
Also, in the latter the double-tier arrangement not only means a greatly . 
increased cost for the supports of the upper vats, but usually involves the 
addition of a tailings wheel. Therefore, although in comparing the two 
systems as a whole, it is quite fair to quote prices of construction per ton of 
monthly treatment, yet in making comparisons of the several methods of con- 
struction, it is necessary to analyse the total cost and to compare the several 
items under equal conditions. 

We shall therefore deal with the following matters separately, and give 
rules and figures for ascertaining as nearly as possible the cost of each, and 


the limits of its variation. 
345 
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Excavations. 

Foundations and supports. 

Vats. 

Precipitation plant. 

Machinery. 

Buildings. 

Tailings wheels and pumps. 

When formule are given for estimating costs, the same letters will be used 
for the same quantities as in Chapter XXXIV., as for instance C =cubic feet. 
In order that the figures for labour may be applicable in any country, the co- 
efficients for wages are worked out at one penny per hour, so that W in the 
formule will represent wages expressed in pence per hour. Also L will always 
mean the cost in pounds sterling. 

We may note here, once for all, that the rules and prices given can only 
be approximate, and are only intended for use when detailed quantities and 
current local quotations are not available. 

Excavation.—The cost of this item seldom reaches to more than 4 per 
cent. of the total, and it therefore needs only brief consideration. Upon gently 
sloping or flat ground, under average conditions of soil, the following figures 
will apply to plants of the type shown in figs. 30 to 37, 41 and 42. 

Excavation in cubic yards per ton treated monthly :— 


Plants without collecting vats,. : ; . 0°5 cubic yard 
Plants with collecting vats, . ; : . ‘OFeweor 
Two-tier double-treatment plants, . ; 0 IEG i 
Double-treatment, not superposed, . : . 1:00 bs 


On flat sites with rock at surface the cost is a minimum, because practi- 
cally no excavation is required. As a rule, the steeper the ground, the greater 
is the amount of excavation necessary. 

Table LXXVI. gives average prices for this work in several countries, with 
cost of unskilled labour and supervision added to make it of wider application. 


TaBLe LXXVI.—Cost of Excavation in Pence per Cubic Yard, and 
Labour in Pence per Hour. 


Rock Unskilled | Super- 
anes = Fee with Labour |intendence 
; * | Blasting. | per hour. | per hour. 


Africa, . : : 15 20 42 4 18 
Australia, . : - : 12 17 36 8 9 
America, . ; : : 15 25 56 14 17 
Siberia, d ‘ : 5 7 18° 1°5 6 


Local prices, 
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Timber Supports for Vats.—<As these are only used for small plants, we 
need only consider the cost of them in cases where 4 or 5 leaching vats of 16 
to 24 feet are used, with corresponding solution tanks. Then the quantity of 
timber in the supports all taken together per ton of monthly capacity is— 


Cub. ft. Sq. ft. 1 in. thick 


For 16-ft. leaching vats, . . - 0°063 0°75 
BeeoO: ‘ ee ern -083 1:00 
” aa ” ”? “ © - 0°104 1°25 


The prices of timber are given in Table LXXXI., and the cost of framing 
and erection may be put at 


L=CW x 0'0025=SW x 0°00021 


Masonry Foundations.—In Table LVIII. some information has been given 
as to quantities of masonry in several ordinary types of construction, which 
will be of use in estimating costs, but it is possible to generalise still further 
for the purpose of minimising labour, in the preparation of preliminary 
estimates. With the simplest form we may say that in a single-treatment 
sand plant, for leaching vats only, built on stone foundations, as in figs. 30 to 
33, the quantity will vary from 0:1 to 0°2 cubic yard per ton treated monthly. 
That is to say, for a 4000-ton plant, the masonry under the leaching vats will 
be somewhere between 400 and 800 cubic yards, say 600. For single treat- 
ment of battery pulp, three or four collecting vats are usually provided, there- 
fore their foundations will contain from 0°05 to 0°13 cubic yard per ton. For 
the double-tier plants, as in figs. 41 and 42, the amount will be from 0°15 to 
0-3, and for double treatment, where the vats are not superposed, it will be 
from 0°2 to 0-4. Then, for shed foundations, solution vats, sumps and sundries, 
we may add from 0°05 to 1 cubic yard per ton of monthly capacity. 

The mean values of these figures, which are derived from actual practice, 
are collected in Table LXXVII., by the use of which, with Table LXXVIII., a 


Taste LXXVII.—Summary of Masonry Quantities in Cyanide Plants. 


Solution 
oe Leaching | Collecting | Vats, 
Description of Plant. ace se Shed, and Total. 
Sundries. 
Single-treatment plant for accumulated 
tailings, . 0°15 are 0°08 0°23 
Direct treatment of battery ‘pulp with 
separate collecting vats, . 0°15 0°09 0°08 0°32 
Double treatment with superposed vats, 0°23 Ac 0°15 0°38 
Double-treatment plant, vats not super- 
posed, : : : . : 0°15 0°15 0°15 0°45 


Note.—The monthly capacity multiplied by the figures in the last column gives the 
approximate total masonry in cubic yards. 
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fair estimate of the cost of stone foundations, under average conditions, can pe 
made. 


Taste LXXVIII.—Cost of Hammer-dressed Rubble Masonry, with Materials 
and Labour for same, and Price of Bricks, 


S S 2 r= Zo ef? Meee 
ad| Se |2.|8¢|/ 82 |85/S88e 
"3 3 ae S33 (Ob bn Sd | See 
ee en! Oo = o HO ae S an 
Ag Zo Bs | ve | eags | 25 | Faos 
we | e8 |uo|as]/ ae) f8] g838 
33 gS F iE! os eS) 3 oes 
o 3 wa e 7) = Omg 
Johannesburg, . 100/ | £2 15 0] 4/6 | 52/ 7/ 30d 30/ 
Victoria and N.S.W., Soh| 226 Ooh (2h 15/ 4/6 15d 22/6 
UWS AG ey Nhe ee) A abns0P ds Sele Od te, ee ee 
Ural District, Siberia, . | 317 | 12 0 0) T/ 22/ 2/ 3d, 20/ 
Local prices, 


In reference to this last table, it is worth noting that although the 
individual items vary considerably, yet the cost of the finished work only 
varies from 20s. to 30s. per yard. 

Iron and Steel Supports.—In cases where the sizes of vats have been 
decided upon, as well as the average span of the joists and girders, the weights 
of the several parts of the framing can be quickly found from Tables LVL., 
LIX., and LX. Then these weights, multiplied by the respective prices per 
ton, will give a very close approximation to the total cost of the framing. 
The following examples will illustrate the use of the tables above referred to, 
the weights being here worked out in tons of 2240 lbs. 

(a) A vat 40 feet in diameter and 10 feet deep weighs 15-6 tons ; allowing 
9 inches for filter and for empty space at the top, its contents at 120 lbs. per 
cubic foot are 622-7 tons, or altogether 638°3 tons. To carry this at a height 
of 14 feet with 14-feet spans for joists and girders, will require the following 
amount of steel and iron, according to Tables LIX. and LX. :— 


Joists, 14°04 tons 
Girders, 7°95 ,, Total steel, say 22 tons. 
Columns—cast iron, 3°90 tons. 


(>) When a lower vat is carried in the same way, the lower columns, which 
may be taken at 6 feet in height, have to carry the two vats and their con- 
tents, two sets of joists and girders, and the upper columns, so that the total 
load is 1324°5 tons, and we have— 


Joists and girders as before, 22 tons 
Columns, 2°65 tons 
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(c) For a vat 20 ft. in diam. x 6 ft. deep, which weighs 2°85 tons and holds 
88°35 tons, the weights for 12-feet spans and columns 10 feet high are— 


Joists for upper vat, ° : ° 1°61 tons 
Girders_,, i. : : ; 0°87 ,, 
Columns ,, ¥ “ ; r 0°34 ,, 


(zd) For a similar lower vat on 6-feet columns we have— 


Joists and girders, as before, 2°48 tons 
Columns (carrying 187°7 tons), 0°38 ,, 

As a means of still further saving labour in rough estimates, these weights 
may now be expressed as percentages on the quantity of sand contained in 
the vats; reckoned in short tons, as is usual for treatment purposes, the 
40 ft. x 10 ft. vat holds 520 tons, and the 20 ft. x 6 ft., say, 74 tons. 

Therefore, for single-tier plants, the weight of joists only varies from (qa) 
2°70 per cent. to (c) 2°18 per cent. 

For double-tier plants the figures are— 

Joists, as before 
Girders, 1°53 per cent. to 1°18 per cent. 
Columns (a +6), 0°63 » to(e+d) odd _,, 

By selecting a suitable figure between these limits, in each case the 
quantities can be at once deduced from the actual holding capacity of the 
plant for the material to be treated. 

The prices for girders and columns vary so considerably from time to time 
that it is always advisable, even for rough estimates, to obtain a current 
quotation if possible. 

For cases, however, where this is not possible, we suggest the following 
average prices, based on figures kindly supplied by Messrs P. & W. Maclellan, 
of Glasgow. 

Prices f.o.b. English ports. 


Plain rolled steel joists up to 12 in. x6 in., section cut to 


length and bevelled, . £715 0 perton 
Compound riveted girders, wie rolled fits aad on and 

bottom plates, each under two tons in weight, . : : 915 0 Ss 
Cast iron columns up to 20 ft. long, . : : é ; 61540 - 


Then ocean freight, import duties, landing and forwarding charges, inland 
carriage, and any other costs peculiar to each country must be added. 

The erection of such framing may be taken in most cases at 30 per cent., 
reckoned on the cost of the material delivered at the site. 

The following example shows the total cost in Johannesburg for plain 


steel joints :— 


per ton 
Price f.o.b. as above, 5 £7.15 0 of 2240 lbs. 
Freight and insurance to Durban bs 1316-0 7. 
Railway carriage, 5/9 per 100 lbs., . 6 9 0 : 
0 4 0 a 


Receiving, forwarding, etc., . . 
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Cost of Timber Vats.—The quantity of material can be found by the 
formule given in Chapter XXXIV., or by taking it out in detail from working 
drawings. The following costs of dressing timber and erecting are based on 
data in Laxton’s Price Book, checked and supplemented by the results of 
actual work in various countries. 

For pricing the labour, the most convenient form in which to work out the 
quantities is generally in running feet of 9 in. x 3 in. stuff. 

Then the cost in pounds, when the whole work is done by hand, is— 


When the material is machine-dressed, the cost depends upon other 
matters in addition to the price of labour, but it is sufficiently accurate to 
assume the total cost as being proportional to wages in different countries. 
Then price of machine-dressing is— 


7 FW x 0°05 
240 


When first-class work is desired, the cost of finishing by hand must be 


added, viz.— 
Re FW x 0:09 
240 


The total cost, therefore, for timber, machine-dressed and hand-finished on 
the abutting edges, is less than half that when hand labour alone is available, 
and is— 

Te FW x 0°14 
240 


All the above prices are for timber dressed on both faces as well as the 
edges. 

In estimating the cost of erection the same method may be followed, but 
the running feet of timber in the joists must be included. Then cost of 


erection is— 
eae x 0'072 
240 


t 


This includes fixing of hoops and discharge doors. The cost of ironwork 
material can be obtained by multiplying the weights calculated, as in Chapter 
XXXIV., page 255, by the prices given in Table LXXIX., which also contains 
costs of discharge doors, distributors, and filter cloths. 

In this and the following tables we have left a blank line for local prices, 
where current quotations at any particular place can be entered, preferably in 
pencil. 

The following prices (page 352) of complete tanks, f.0.b. San Francisco, 
are taken by permission from the catalogue of the Pacific Tank Coy., to whom 
we are also indebted for various other quotations included in Table LX XIX. 
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Distributors for 30 ft. vat, 


© Yo) ioe) 
each. i a a 
Distributors for 20 ft. vat, Q ° 19 
each, a me = 
Hessian or Burlap, in pence 
° st ioe) Ko) 
i per square yard. 
S 
NS 
> Coir Matting, in pence =p 2s oO 
. per square yard, an ee = 
S 
3 Painting, in pence n 00 © 
SS per square yard, rt 7 = 
S 
~ 
5 3 oe © 1 oO Yer) 
2 Discharge Doors, each. 
= a) 10 00 — 
S 
= 
i Cast Connections, in pence 3 = 2 = 
= per Ib i] xH nN =H 
S 
x 
~~ Round Iron Hoops, bent and m4 = a iC 
2 screwed, in pence per lb. ~ co nN co 
3S 
3 
= Oregon Pine, in pence per sq. ft. = : 
= 1 inch thick. = co a s 
> Oregon Pine, in pence = > 
g per foot cube. = Qn N 
‘S 
RX aoe Bs 
© Oregon Pine 9 in. x 3 in., res o0 
= in pence per foot run. 60 00 ro) 
S 
» 
- Baltic Deals, in pence per Z 2 = 
. square foot 1 inch thick. a ro) S 
—_ 
‘S ° e. 
~< Baltic Deals, in pence > Se a 
KI per foot cube. 39 g ia 
c 
4 
a 
= Baltic Deals 9 in, x 3 in., in c ea) 
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se) orrer a = 
tech ere ect Be 
ol alla 
oo | ° (a 
St es ae 
62 a wa 3 
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Local Prices, 
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TasBLE LXXX.—Cost of Timber Solution Tanks in America. 


: 2 : : : Estimated Price in ie 
ne aie ee Sore in eee Weight pounds bs bs 
in gallons. | in feet. eet. in inches, an lhe sterling. “ 

Cree ey eee ele | 

450 5 4 2 460 3°75 18°00 
650: 6 4 2 560 5:00 24°00 
1,550 8 5 2 970 6°67 32°00 
4,000 10 8 2 1,816 11°46 55°00 
10,000 13 2 2 3,517 22°92 110°00 
20,000 18 12 3 8,400 50°00 240°00 
30,000 19 16 3 11,523 if Gas 325:00 
40,000 21°8 16 3 14,125 83°33 400°00 
50,000 24 16 3 15,881 88°54 425:'00 


The above tanks are made with slight taper and hoops driven on, lugs 
being provided only on the top hoop. 


TaBLE LXXXI.—Cost of Timber Leaching Vats in America. 


Capacity | piumeter | Height | Thickness)“Piveicht | pounds | Price im 
ens in feet. in feet. | ™ no in lbs. sterling. a. 
5 8 4 2 920 6°25 30°00 

10 9 D 2 1,260 9°58 46°00 
15 11 5 2 1,650 11°46 55°00 

20 13 5 2 2,050 ° 14°58 70°00 
25 14°5 5 3 3,350 22°92 110:00 
40 18 5 3 4,750 31°25 150°00 
50 20 5 3 5,640 37°50 180-00 
60 22 5 3 6,495 44°79 215-00 
100 26 6 3 9,480 62°50 300°00 
200 36 6 3 15,800 108°33 520°00 
500 48 8 3 28,400 208°33 1000°00 
500 52 7 3 30,500 208 °33 1000-00 


The above tanks are built with vertical sides and lugs on all the hoops. 
The tons represent 25 cubic feet. Discharge doors and filter bottoms not 
included. 

In the last two tables the figures represent maximum prices, because 
changes in the lumber market are provided for by a variable discount. 

Masonry Vats.—These are so seldom built at the present time that it is 
not necessary to discuss their cost at length. It can, however, be found from 
the prices of materials given in Table LXXVIII. 

Cost of Steel Vats.—As a rule, it is cheaper to import steel tanks than to 
construct them at the place where the plant is to be built. In countries 
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where protective tariffs are in force, the cost of local manufacture is generally 
kept close up to that of the imported article, and therefore the cost of steel 
tanks for most mining districts may be found in the following manner. 
1. Find cost f.o.b. in country of origin. 
Add freight to port nearest to works. 
Import duties. 
Inland transport and charges. 
. Erection. 
The first item may be taken at £12, 10s. per ton of 2240 Ibs. as an 
average price. 
The second, third, and fourth must be ascertained for each mining district. 
As an example, we may work out the cost of a vat, say, 30 ft. x 8 ft., 
manufactured in England and delivered in Johannesburg. 


ates aed 


Cost f.o.b. English port, as above, . . £1210 0 perton 


Freight, etc. to Delagoa Bay, . ; : 200 is 
Railage to Johannesburg, : : : 512 0 me 
Sundry charges, . , , : : 0 8 0 ‘ 

£20 10 0 2 


The cost of erection depends principally upon the price of labour, and is 
_given for several countries in Table LX XXII. 


TasLe—E LXXXII.—Cost of erecting Steel Tanks. 


Wages in shillings per day of 8 hours. Cost of 
Erection, 
pounds 
Riveter. Helier ns. Labourers, per ton. 
Johannesburg, : ; : 20 15 3 9 
Victoria and N.S.W., ; 12 8 75 7°75 
West Australia, a ; ° 15 12°5 10 10°5 
United States, : : : 12°5 11°25 11°25 10°5 
” ” . F . $3 $2°5 $2 5 $50 
Local Prices, 


Precipitation Apparatus.—Rules for finding the quantities of timber and 
iron in wooden boxes have been given in Chapter XXXVI. The prices for 
materials in Table LXXIX. will be applicable in this case also, but the cost of 
preparation and construction is relatively higher for boxes than for vats. 


23 
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As this is not a large item in the total cost of plants, it is not necessary to 
analyse it, and the following formula will suffice for the total labour : 


L=CW x 0'0127 


As an example, we may take the electrical box shown in figs. 112 to 118, 
whose gross capacity is 38 ft. x 6 ft. 1 in. x 2 ft. 11 in. = 674-64 cubic feet. 
Then, by rules on p. 284, 674°64 x 0°35 = 236 cubic feet of timber. Also 
674°64 x 0°91 = 614 lbs. of iron. The total cost of the box is then made up of 
three items, which, at Australian prices current when the box was built, will 
be— 


Material, 236 c.f. Oregon pine at 16°5 pence, . . of AGE AG 
614 lbs. Bees iron, screwed, and nuts at 2° 5 pence, os: 67 at 

Labour, 286 x 15d. x0°0127, . : rm se : : : 4419 2 
= iy he G bei! 


This method of estimating is, of course, suitable for either zinc or electrical 
boxes. For the former the cost is then complete, but for the latter a set of 
electrodes is often included, although these should properly be charged in 
the working expenses. The copper connecting-strips, mercury, and other 
necessaries for carrying the current should, for convenience, be included in 
the electrical apparatus, and not in the cost of the box. 

For sheet steel ~ single-compartment boxes, previously described, the 
average price per cubic foot of zinc space is $850 in America, or, say, 
£1, 15s. 

Electrical Apparatus for Precipitation.—This cost is fairly proportional 
to the anode surface, and the anode surface depends upon the degree of 
exhaustion required. 

The price of electrical apparatus, including dynamo, meters, cables, 
regulators, and box connections (exclusive of mercury) is— 

At Johannesburg prices, 8d. for each square foot of effective anode surface ; 
and at Australian prices, 6d. per square foot. 

For fixing same, add 1d. and 4d. per square foot respectively. 

Engines, Boilers, Tram lines, etc.—These items of cost depend upon so 
many circumstances, apart from the size of the works, that we have not 
attempted to generalise upon them. The prices collected in Table LXXXIIL, 
together with what has been said in earlier chapters in connection with these 
matters, will be useful for estimating purposes. 

The labour and material required for unloading, assembling, and erect- 
ing engines and boilers, including steam connections, will generally be 
well covered by an allowance of 20 to 25 per cent. on the cost of these 
machines, | 

Pumps and Piping.—These may be assumed to bear some relation to the 
quantity of solution handled per day, though, of course, not a strictly pro- 
portional one. Still, as the items are not large, a rough approximation is 
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sufficient, and the following figures, deduced from actual plants, are suggested 
for the purpose :— 
For pumps— 
Tons of solution per day x 0°25 = cost in £ in Australia 
Ep *p ED SO re », Johannesburg 
For piping— 


Tons of solution per day x 0°75 = cost in £ in Australia 


» » » x1l00= ,, ,, Johannesburg 


Cost of Sheds.—The rules given in Chapter XXXVII. and the prices in 
Table LXXXIYV, will suffice to estimate the cost of sheds of G. C. iron on light 
timber framing. For heavy framing, such as is used in America and some 
other countries, the timber and bolts may be taken at twice the quantities 
found by the rules. 

The labour on framing will be— 


L=CW x 0:0038 


and in fixing G. C. iron, including cost of screws and washers, it will be about 
threepence per square of 100 feet, for each penny in the workman’s hourly 
wage. The approximate total price so found includes ordinary doors and 
windows. 

The material and labour on trestle staging are about the same prices as 
the framing of sheds. The quantities may be found in the manner suggested 
in Chapter XXXVIII. 


Taste LXXXIV.—Prices of Materials used in Construction of Sheds. 


” -@ 
at Og xX g 8. LA Sree : 
OD +4 Oo Art = ss eer Sa n os ie) 
ee oss 7S. ~& , = =e NSSls S45 
HS |fs3| $38 | 828 lot | x8 je Smee 
HooHeag|) Aor BO s% dius 2 le Gg His eae 
ap Aelee S om eof I= @' 81S Gg laHSleGad 
£25 aA™E) ON | ORB, lon S| wm BORE BS S 
Oe SSH] oe sheet ee nwt |/o ; 810 9.4 &F 
S28 Seti gs] gs |Z Bot gai S12 8 2 
3 py eS Zi 7 S43 & xX Soo sOO Ss 
a ae | An A Bx S/O 
| 
£ d| £ d 
Victoria and N.S, | 14 1°25 19° 0 0 Oo ee 20 29 6/8 
Wales, 
Johannesburg, . | 42°77 1.3°56 |} 26 0 0126 6 Olas 21 36 14/ 
U.874,; e e . 12°00 1°00 tos pee vee sae eee eee 
Ekaterinburg, . «| 422 10760. $22 0 Ooo ead 
Local Prices, 


Cost of Tailings Wheels and Pumps.—tThe following figures represent 
the average prices in Johannesburg for timber wheels suitable for lifting pulp 
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from 100 stamps, or say 5000 tons of pulp daily. The prices include founda- 
tions, launder framing, and erection, and were obtained by plotting a number 
of actual prices, drawing a mean curve, and scaling off from the curve. They 
therefore show the price at which such wheels ought to be built in that 
district, but to show the possibility of variation it may be mentioned that in 
one case the cost was twice the tabulated figure. 


20 feet diameter, . » £725 
OF bees. eng so00 
30 ; : an 088 
35 “ Sah er 
40 f .  . 1536 
45 i pile ile 1846 
50 4. bees 4 9956 
ie ae 0s eeabl 
60 + : . 8567 


The corresponding cost for a tailings pump for the same quantity of pulp 
is about £1400, so it follows that for lifts less than 40 feet a wheel can be 
installed more cheaply, while for very high lifts the pump offers a much 
greater economy in first cost. 

_ Design, Supervision, etc.—The cost of drawings, setting out works, and 
engineering supervision is usually between 3 and 5 per cent. of the total. 

When only a rough estimate has been made, as for instance by the rules 
and prices given in this chapter, a sum of 10 per cent. should be added for 
contingencies and sundries. When, however, the estimate has been worked 
out in detail from complete drawings and local current quotations, an allow- 
ance of 5 per cent. is sufficient for this purpose. 

In some cases where the works are built at a distance from the office of 
the company, which often happens, in Australia for instance, an allowance of 
4 to 1 per cent. may be made for postages, telegrams, bank charges on trans- 
fer of money, travelling expenses, and the like. 

The following applications of the rules given in the preceding pages to the 
case of actual plants will serve to illustrate their use. 

Example 1.—An Australian plant built about 100 miles from Sydney, 
designed to treat daily 60 tons, measured at 29 feet per ton, with seven days’ 
treatment. Taking 26 working days per month, and one vat discharged per 
working day, we may state the capacity of the plant, for purposes of comparison, 
at 1885 tons, of 24 cubic feet, per month. It consisted of six leaching vats 
18 ft. in diameter with 8 ft. 6 in. staves, three collecting vats of the same size, 
one solution vat 18 ft. x 5 ft., two ditto 15 ft. x 5 ft., and three intermediate 
vats 15 ft. x 5 ft. The contents of the leaching and collecting vats together 
= 16,600 cubic feet. The plant is of the type shown in figs. 181 to 187. 
Excavations : 

1885 tons monthly x °75 he =1414 hes half saat in rock, 


707 yds, at 3/ . : : Sp ES ek AG 
MP ee e607 1 


SIG 52 27, 


Carry forward, £156 2 7 
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Brought forward, 


Masonry: 
1885 tons x ‘382 yd. =603'2 yds, at 22/6, . 


Leaching Vats: 
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By formula, p. 254, running ft. of 9 in. x 3 in. = 1047, 


Joists, 176 ft. ; filter, 26 ft. ; total, 1249 ft. at 3°1 pence 

per foot : ; : £16 2 8 
Machining and oe pres ‘1047', 9 3 2 
Iron hoops, 1500 lbs. at 24d., 15 12-5 
Cast iron, 1000 lbs. at 3d., 12 10 0 
Discharge door, 38 0 0 
Erection, . 3 : 512 5 
Filter cloths, : 3.9 3 
Painting, 54 yds. at 1/, 214 0 

Six leaching vats at £68, 4s., : £68 4 0 
Collecting Vats: 
Staves and bottom, 1243’ ; joists and filter, 202’; total, 

1445 ft. at 3°1 pence, : £18 13 4 
Machining and dressing staves and bottom, 1243’, 10-3726 
Hoops, discharge door, etc., as before, 831 2 6 
Distributor, 13°, 0-4 
Erection, . 610 1 
Filter cloths, 3.9 8 
Painting, . 3 9 0 

Three collecting vatsat . £87) 1 os 
Solution and Intermediate Vats : 
Calculated in same way, . 
Precipitation Boxes: 
Each box contained 281 cub. ft. 
Timber 281 x °35=98°35 cub. ft. at 164d., £67153 
Labour on same, 98°35 x 15 x °0127, 18 14 8 
Bolts, etc., 281 lbs, at 24d., * 248.6 
Painting, 20 yds. at 1/, P0280 
Four precipitation boxesat  . £20 8G 
Electrical Apparatus for 5040 sq. ft. of anode: 
Dynamo, meters, conductors, etc., 5040 x 64d.,, . £136 10 0 
Electrodes, sacking, and fixing, 5040 at ‘043, 216 14 5 


Engine and Boiler : 


In this case extra power was provided with a view 
extension of works. 
Engine, 8 N.H.P, at £14, 
Bowler, 12) 95 at £12; 20s... 
Fixing same, at 224 per cent., 


of subsequent 


£1I2Z20 58 
150 0 0 
60" Gea® 


Carry forward, 


£156 2° 7 
678 12 0 
409 4 0 
261 55.00 
196°10 0 
It 13-46 
853 4 5 
322 0 0 

£2494 11 8 
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Brought forward, 


Shed, at 80 tons solution per day : 


From Table LXIV. floor space required is 2050 sq. ft. 


12 ft. at sides and 18 feet at ridge. 
30,750 cub. ft. 
ft., and contained 33,000 cub. ft. 


Height, 


Shed should therefore contain 
In the case in point the shed measured 88 ft. x 25 


By rules on p. 297 and prices in Table LXXXIV. the cost will be: 


297 cub. ft. timber at 18d., 

363 lbs. bolts, etc., at 24 d., 

7260 Ibs, =3°24 ee G. ©. iron at £16, 

Labour on framing, 297 x 15 x 003, 

Labour on covering, 3°24 x 15 x 46d., : 

Seven doors and twelve windows, ae say, £1 each fot 
Painting and sundries, say, . 


Staging over Treatment Vats : 


283 ft. run x 83=849 cub. ft. at 13d., 
Labour, 849 x 15 x °0038, 
Bolts and sundries, say, 


Pumps and Piping: 


Pumps for 80 tons per as . ; 
Piping a : 
Fixing same, at 25 ae ea 


Tram Line: 
600 yds. of 18 in. track, at £375 per mile, 


Two sets points and crossings, at £6, 10s., 
Fixing same, at 20 percent, .-. ‘ : s ; 


Trucks: 


Ten side-tipping wagons, at £15, 
Freight, transport, and insurance—actual payments, . 


Contingencies, 10 per cent. on £3710, ; 


Office disbursements, 1 per cent. on £4080, ° ‘ 


Drawings and engineer’s supervision, 4 per cent. on £4080, 


folie a 
38 7 4 
51 16 10 
13 7 4 
9 3 4 
ty Oo 
10 0 0 

£45 19 9 
38 4 1 
LOR 

£20 0 0 
60 0 0 
165.09 

£127 16 10 
L5e0.A.0 
28-3. 0 


Ledger cost of plant, less material returned unused, £4310, 17s. 1d., 
so that the difference between estimate and actual cost is less than 


1 per cent. 
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£2494 11 8 
12216 4 
94 3 10 
96 0 0 
1695,0 2 
150 0 0 
£3126 12 2 
5838 1 0 
£3709 13 2 
ail OG 0 
£4080 13 2 
40 16 0 
163 4 0 
£4284 13 2 


CHAPTER XLIIL 
COST OF TREATMENT. 


Since the introduction of the cyanide process there has been a continual 
reduction in the working costs, due principally to the decreasing price of 
potassium cyanide and to improvements in the methods of handling the 
material. 

The following Witwatersrand costs, which are exclusive of depreciation and 
general charges, will serve to show how great this reduction has been for one 
particular district. 


1893, average working costs, ; : . 482-80; 
1895, a. y A ; .. SS cnete 
1897, 7 A ‘ » os 

1899, + 4 ° ‘ - 2s. 6d, 


Since the resumption of work after the war the conditions have been 
abnormal, and it. remains to be seen whether the last figure admits of any 
further reduction. 

One of the chief factors, of course, which affect the cost at any particular 
plant is the scale upon which the operations are conducted. 

We shall first separately discuss the principal items which make up the 
total cost, and then give some examples of the actual detailed figures at various 
works. 

It would greatly facilitate the study and comparison of working expenses 
if they were all analysed on the same lines, but in the reports published by 
various mining companies in different countries there are great diversities as 
regards the grouping of the separate items. 

In order to simplify comparison of results, we shall as far as possible 
arrange all the examples under the following heads and in the same order, 
with subdivisions when required. 

1. Cyanide. 
Other chemicals, such as lime, caustic soda, ete. 
. Material for precipitation. Zinc, lead, and iron. 
Power. Coal or firewood, and engine-drivers. 
Salaries and wages, 7.e. works manager and shiftmen. 
Filling and discharging vats, ete. 
Stores. 


OID we ww 


. Maintenance and repairs. | 
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9. Assaying and realising bullion. 

10. Lighting. 

11. Sundries. 

The above items constitute the actual working cost. 

12. Depreciation. 

13. General charges. 

14. Royalties. 

The addition of these last three figures make up the total cost of treat- 
ment. 

The main advantages of keeping and publishing detailed accounts of cost 
are— 

1. To ascertain that no bogus payments are made. 

2. To call attention to those items which are largest, with a view to 
possible reduction. 

3. To exhibit any increase or decrease of cost, in any department of the 
work, in order that the cause of either may be investigated. This often leads 
to more economical working. 

4. To compare results with other plants working under the same or 
different conditions, and consequently — 

5. To ascertain what degree of technical excellence in the operations will 
give the greatest nett profit. 

For small works it is not necessary to go so much into detail as it is for large 
ones. The larger the plant and the more complicated the processes employed, 
the more necessary it becomes to minutely subdivide the working costs, not 
necessarily for publication in monthly statements or annual reports, but for 
the use of the works manager and consulting metallurgist, and hence for the 
benefit finally of the shareholders. We know by experience how difficult it 
sometimes is to persuade accountants, auditors, and directors that cost analyses 
of this kind are likely to increase dividends. On the Witwatersrand fields at 
the present day, however, this is fully recognised. 

Cyanide.—We have already in many places referred to the variations and 
limitations of the quantity consumed, and the principal use of this item in the 
monthly accounts is to show whether the actual consumption has been greater 
than the proper amount, as determined by testing or by previous work. The 
price of cyanide has decreased almost continually since the introduction of the 
process, and may now be taken at one shilling per pound, practically in any 
part of the world. The reason for this uniformity of price is, that the trans- 
port charges are very small relatively to the original manufacturer’s price. 
Of course, import duty must be added, where this is charged. 

Referring, then, to the minimum consumption for clean tailings, we see 
that at the present time the lowest cost to be expected under any circumstances 
is 3d. per ton. But we do not know of any case of practical treatment where 
this minimum has been reached. A normal figure for what is generally 
considered clean sand is about 6d. per ton with 0-1 per cent. solution, or 8d. 
with 0°25 solution. 
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Other Chemicals.—For treatment purposes fat lime has, in many localities, 
almost displaced caustic soda for neutralising acidity and preparing the ore for 
treatment. Its cost does not usually differ much from that of building lime, 
which is given in Table LXXVIII. On tailings, crushed from a quartz reef in 
granite, and which had undergone very perfect vanner concentration before 
cyanide treatment, the cost with lime at £2 per ton was 0°3 pence per ton of 
24 cubic feet of sand. In another case, with partially decomposed ore con- 
taining copper, treated without previous concentration, the cost of lime at £4 
per ton was 14°79 pence. These may be taken as the extreme limits of 
cost for lime, because in cases of extreme acidity it would probably be 
cheaper to use some caustic soda. The prices for the latter are given in 
Table LXXXV. 

Cost of Zinc Precipitation.—This item consists almost entirely of the 
price of the zinc and the labour for cutting it into shavings. The attendance 
on the boxes is generally performed by the man who looks after the solutions, 
and occupies only a small portion of his time. A white labourer can turn 
about 70 lbs. and a Kafir about 40 lbs. of shavings per day by hand, but 
except where labour is unusually cheap, it is customary nowadays to use a self- 
acting lathe, such as described on page 129, so that the turner can also 
attend to other matters. The prices of sheet zinc and shavings are given in 
Table LXXXYV. 

Assuming an average consumption of 0°28 lb. at a mean price for 
shavings of 6d. per lb., we arrive at about the real cost of zine precipita- 
tion, namely, 1°68 pence per ton of solution under normal conditions. 
In analyses of cost this item generally appears at less than one penny, 
because the zinc is charged at the purchase price, and no allowance is 
made for labour in turning, as this is charged in with other labour. In 
precipitation by the zinc-lead couple there is also the slight cost of lead 
acetate to be considered, and what is of more importance, the labour of 
preparing the zinc. Probably 2d. per ton of solution is a fair average 
figure for the cost of precipitation by zinc-lead couple. This figure is 
often considerably exceeded in attempting to bring solutions down to 1 or 
2 grains per ton. 

Electrical Precipitation.—With the Siemens-Halske process there are 
three separate items of cost, namely— 

Consumption of the iron anodes, and coverings of same. 

Loss of part of the cost of lead foil. 

Fuel for supplying current. 

The consumption of lead and iron has already been given, and the fuel 
consumed has been found to be from 12 to 18 lbs. of Transvaal coal or 0-008 
to 0-010 cord of dry firewood per ton of solution. 

The loss in sacking, connecting strips, sewing and bracing together 
only amounts to 0°66 penny per lb. of iron, so it is not necessary to 
consider any slight variations in different countries for this part of the 
cost. 


TasBLE LXXXV.—Prices of Materials used in Precipitation and Refining. 
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Summarising first at Johannesburg prices, we have— 


Lead foil, O°3 Ib. at 5d., sr. . « 1°50 pence 
less 25 per cent. of value recovered, 38) 8; 
— 1°12 pence 
Tron, 0"blbs at2d.,° >. : : 1-DOaa 
Covering and attachments, 0°5 Ib. at 0° 66d., : 0337 
Fuel, 15 lbs. coal at 17/ per short ton, . : “ Py to 


—— = 


Total, per ton of solution, 30S. mee 


At Australian prices with wood fuel :— 


Lead foil, 0°3 lb. at 3°86d., : . 1°16 pence 
less 50 per cent, recovered, . Prpldie Scheme 
a 0°58 pence 
Iron, 0°5 Ib. at 1°18, . : : 7 : 0°59 =C,, 
Goyerine and ahachiments as above. “ : : EBS © Gls 
Fuel, 0°009 cord at 15/, —.. ’ : : : I'G2222. 


Total, per ton of solution, Sep ee 


Cost of Charcoal Precipitation —From data published by John I. Lowles* 
and W. B. Grayt we have calculated the cost of the various items, in terms 
that may be readily compared with similar figures given for other methods of 
precipitation. 

Labour in shifting tubs, cleaning-up, and burning off charcoal, 2d. per ton 
of solution. 

Cost of charcoal per oz. of gold, 2°75d., or say for 34 dwt. solution 0°5 pence 
per ton. 

Therefore the total cost per ton of solution, apart from smelting and 
refining, is about 24d. 

Fuel for Pumping, etc.—In giving the following figures as to fuel con- 
sumption it is necessary to mention, that the coal referred to has just about 
half the heat value of good Welsh steam coal, so that a ton of it is about equal 
to a cord of average firewood. 

The consumption is given in decimals of a long ton, so that it can be also 
used for a cord of wood. 

In a single-treatment plant the amount of coal consumed for pumping 
solutions is 0:0045 ton per ton of ore treated. ; 

In a double-treatment plant for pumping only, 0:0054 ton. 

In a slimes plant for agitation and pumping, 0:0179 ton. 

In a single-treatment sand plant, for pumping solutions and hauling 
material up to vats built on a level site, 0:0060 ton. 

For lifting battery pulp to a height of 60 feet by a tailings pump, the 
consumption of coal per ton of ore crushed is 0:00201 ton. 

Each of the above figures, multiplied by the price of a ton of coal or a cord 
of wood, will give cost for their respective work. 


* Trans. Inst. Min. and Met., vol. vii. p. 190 et seq. 
t Trans. Australian Inst. Min. Eng., vol. v. p. 141. 
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Works Management and Supervision of Treatment.—The staff for this 
purpose includes a manager, who is, or should be, a metallurgical chemist 
or an engineer with some knowledge of metallurgical chemistry, and three 
shiftmen, each shiftman having charge of the work for eight hours, and being 
responsible for the proper performance of all operations connected with the 
treatment, apart from the filling and emptying of the vats. Where white 
labour only is available, one labourer is also required on day shift for plants 
over 5000 tons per month, and two men for more than 10,000 tons per 
month, for cutting zinc, filling boxes, carrying material, etc. With Kafirs, the 
extra labour on actual treatment operations is about one boy for each 5000 
tons treated monthly, and one extra shiftman for plants treating more than 
10,000 tons, 

The ordinary prices paid for this work in several countries is given in Table 
LXXXVI., and the average cost per ton, calculated according to the number of 
men above stated, is given in Table LXXXVII. 

These figures are, of course, applicable to either sand or slime plants. Where 
both are worked together under one manager, but with separate shiftmen, the 
cost for each will be somewhat reduced. 


TasL—E LXXXVI.—Wages of Managers and Shiftmen, in £ per month. 


Locality. Manager. Shiftman. Labourer. 
Victoria and N.S. W., £15 to £20 £10 to £12 £8 
West Australia, £25 to £40 £22, 10s. £15 
Johannesburg, . £40 to £60 £15 to £25 £4, 10s. 
U.S.A, £20 to £40 £16 £16 
Taste LXXXVII.—Cost of Labour for Actual Treatment. 
Monthly Capacity of Plant in tons. 
Locality. 
ee! r=) = r) S ry S S Ss = 
S B S re S re Seidl agers ates 
a a oh oh vo nS = =e, x 
pence | pence | pence | pence | pence | pence | pence | pence | pence 
Australia (Eastern), 12°12} 8°08| 6°06| 4°85| 2:42 | 1°87 | 1°40 
West Australia, . 24°00 | 16°00} 12°00 | 9°60) 5°18 | 3°46 | 2°78 | 1°86 
| Witwatersrand, . 10°99 | 5°50 | 3°66 | 3°34 | 2°30 | 1°78 | 
LA: 7. ae : 18°72 | 12°48] 9°86) 7°49] 3°74 | 3°01 | 2°26 | 1°76 | 1°32 
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Cost of handling Material.—The following data will be used in calculating 
and tabulating some of the costs which fall under this heading. 

Shovelling sand into trucks.—According to Trautwine, an_average man can 
shovel one cubic yard of sand into a truck in 15 minutes. Assuming as a fair 
average in cyanide work that the men are only actually shovelling for two- 
fifths of the working time, this gives 1°8 tons of 24 cubic feet per man per 
hour, or 0°56 hour per ton. 

Hauling on circular track, say 200 yards long, by manual labour, including 
tipping. With white labour, from actual practice, one man can haul and tip 
6-04 tons per hour, or at the rate of 0°166 hour per ton. For each additional 
100 yards of track add 0°034 hour. 

Shovelling from vats through bottom discharge doors. Allow 8 tons per 
man per hour, which is equal to 0°125 hour per ton. This is for vats 8 feet 
deep. For shallower vats the quality shovelled is reduced roughly in propor- 
tion to the depth of the vat. 

Sluicing-out of vats——With, say, 5 feet head of water, one man can sluice 
out about 16 tons of sand per hour = 0-063 hour per ton. With 60-feet head, 
a 2-inch hose and 4-inch nozzle, according to W. Magenan,* one man can 
shift 50 tons in 14 hours = 0-03 hour per ton. 

All the above figures refer to white labour only. With Kafirs, experience 
shows that each boy averages about two-thirds of the work of a white man. 

The following costs have been calculated from the above data. 


Taste LXXXVIII.—Handling Material.—Labour Costs, in pence per ton. 


5 Ry 

g g sf . & aad tO. 5 tere 

Sead dunes Bos | fe | 2S. | 83 Soo ee 

a8 | Be | wee | SO8 | CRs | ogee 

ites a8 mSA | gee | 32 | 8eea| 86 | 2ae 
na oO “aa, Qo ms 

ee] 8% | Soe | ese | B84 | Booz | Ses | Bug 

BE yaa Pita) in ama ar 88 
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2 Part 0°25 0°13 0°06 0°33 0°09 0°03 

4 Dae, 0°50 0 25 Os12 0°66 0°18 0°05 

6 3°33 0°75 0°38 0°18 0°99 O27 0°08 

7 38°89 0°88 0°44 0°21 1°16 0°32 0°09 

8 y 4°44 1°00 0°50 0°24 1°32 0°36 0°10 

9 5°00 eho 0°56 ror 1°49 0°41 0'11 

10 5°56 125 0°63 0°30 1°66 0°45 0°13 

bE 6°67 1°50 0°75 0°36 1°99 0°55 0°15 

14 7°78 a7o 0°88 0°42 2°32 0°64 0°18 

16 8°89 | 2°00 1°00 0°48 2°65 0°73 0°20 


| 


Note.—As the figures in this table are for labour only, an extra 10 per cent. may be 
added for contractor’s profit, or for supervision and incidentals when the work is done at 
day wages. For Kafirs, use the figure in the first column, which is equal to 14 times the 
hourly wage. 


* Mines and Minerals, vol. xxi. p. 300. 
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As an example of the use of the above table, the case of an American plant 
quoted by W. Magenan,* where the vats were discharged by shovelling into 
cars underneath by contract at 10 cents = 5d. per ton, with labour at $2°50 
per day of 8 hours, or 15°6d. per hour. From the lowest line of the table we 
find that at 16d. per hour the costs are— 


Shovelling into cars, . : : . 2d. per ton 
Tramming, . ; ‘ : . + 20S ; 
Pee ae te tse) pe ee O20 


Total, : eA SO os, 


Reducing this in the ratio of 16 to 15°6 in order 
to be exact, we have as cost for labour only, 4°73 ne 
Add 10 per cent. for contractor’s profit, . pee 3 


5°20, 

Cost of handling material with Filter Presses—As the question of filter 
pressing slimes is being generally discussed at the present time, the following 
table, giving the labour costs for filling and discharging presses, will be of 
interest. 

The figures are based on actual work done in Western Australia, where 
three skilled men are employed per day for supervision, and in addition three 
labourers for each 1000 tons treated monthly. This number of men, of course, 
includes three shifts of 8 hours each. 


TaBLE LXXXIX.—Cost of Labour for filling and emptying Filter Presses, 
exclusive of tramming cakes to dump. 


Skilled | Unskilled Tons of Dry Slime treated | 


Labour, | Labour, per month. 
per per 
8 hour 8 hour 
shift. shift. | 2000 | 3000 | 4000 | 6000 | $000 
Western Australia, . : 15/ 11/8 20°69 | 18°00 | 16°65 | 15°30 | 14°62 
Eastern Australia, ; : 8/ 7/ 11°88 | 10°44 | 9°72] 9°00|} 8°64 
Witwatersrand, . : 18/ 3/ 12°78 9°72| 8°10] 6°48] 5°67 
America, . : - : 12/6 10/6 18°09 | 15°84 | 14°72 | 13°59 | 13°03 | 


Note.—By putting Kafir labour on the Rand at 3s. per 8 hours, sufficient allowance is 
made for the inferior quality of native labour, the actual cost in food and wages being about 
3s. for 12 hours. 


Mule Haulage.—The following figures are deduced from work on a large 
scale with 20-feet trucks on 18-inch track. 


* Eng. and Min. Jour., vol. 1xx. p. 70. 
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When speed is desired, it is better to have a separate animal and driver for 
each truck, as an average speed of 4 miles an hour can then be maintained, 
allowing for ordinary delays, and also 5 minutes for filling and 2 minutes for 
tipping. This is the usual method of working on short lines where a large 
number of trucks would be troublesome. With longer lines more trucks can 
be used, so that speed of travelling is of less importance, and the work can 
then be done more cheaply by giving two or three trucks to each mule and 
driver, and hauling at, say, 3 and 24 miles per hour respectively. All these 
speeds and loads are for an approximately level road, and the results are 
tabulated below. 


TaBLE XC.—Cost of Animal Haulage in pence per ton of 24 cubic feet, 
including Driver. The distances include the return track for empty trucks. 


3 cs 5 Hauling Single Trucks. Two Trucks at a time. Three Trucks at a time, 

ae 

SB &, / 

2 A 2 500 1000 1500 1000 1500 2000 1500 2000 2500 

8 E =| yards. yards.| yards. | yards. | yards. | yards. | yards. | yards. | yards. 

2, | 
8 1°80 2°48 3°18 2-19 2°48 2°94 2°21 2°57 2°94 

10 2°25 3°10 3°96 2°74 3°10 3°67 2°76 3°22 3°67 
12 2°70 | 3°73 4°75 3°28 3°72 4°41 3°32 3°86 4°41 
14 3°15 4°35 5°54 3°83 4°35 5°14 3°87 4°51 5'14 
16 3°60 | 4°97 6°33 4°38 4°97 5°89 4°42 5°15 5°88 
18 4°05 | 5°59 7°12 4°92 5°59 6°61 4°97 5°79 6°61 


We may now’ estimate, by way of example, the cost of handling material in 
a double-treatment plant with superposed vats at Johannesburg prices, with 
a run of, say, 1000 yards on the residue track. Kafirs at 3s. 4d. per day of 10 
hours, including food and quarters, = 4d. per hour x 1°5 = 6d., therefore for 
manual labour the third line of Table LXXXVIII. is to be used. The cost of 
mule and driver is taken at 14d. per hour in this case, therefore we have— 


Transferring from top vat, 0°75 pence, 
Shovelling from lower vat, 0°75 ara 
Tramming to dump, 4°35: 5 
Dumping, . 008 ,, 
B98) oe 
Add 10 per cent., "bOcea, 
Total, . 652 eee 


Rope Haulage.—In this system of transport there is necessarily a certain 
minimum number of men employed, irrespective of the quantity of material or 


the distance run, say— 
1 Engine-driver. 
1 Fireman. 
1 Labourer at each end of line. 


1 Overseer, when native labour is employed. 
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On this basis the figures in Table XCI. have been worked out for those 
countries in which at present this method is much used. When power can be 
obtained without a special engine for the haulage a considerable economy is 
effected, as shown. 


TaBLE XCI.—Labour Costs for Rope Haulage, in pence per ton 


400 | 500 | 600 | 700 | 800 | 900 | 1000 


Johannesburg, Special Engine, . . | 1°32 | 1:06 | 0°88 | 0°75 | 0°66 | 0°59 | 0°53 
- Borrowed Power, . | 0°69 | 0°55 | 0°46 | 0°39 Py 0°31 | 0°28 


Tons hauled per day. 
U.S.A., Special Engine, . : . | 1:00 | 0°80 | 0:67 | 0°56 | 0°50 | 0:44 | 0-40 


», Borrowed Power, . ‘ meee Or o0) 0°42 1 0"5G, 10 Slt O98 | 0°25 


With ordinary colonial coal at 20s. per ton, the fuel costs may be taken at 
0-08 to 0-11 pence per 100 yards of line. 

Repairs to machinery of this class amount to about 6 per cent. per 
annum on its first cost, and renewal of ropes from 50 to 100 per cent. 
per annum. 

Cost of Roasting.—With reverberatory furnaces worked by hand rabbling, 
the cost of white labour is just about equal to one man’s daily wage per ton 
of ore. 

With mechanical furnaces this is reduced by about 40 per cent., but with 
native labour the saving is much less, because the cost of skilled supervision 
is then the chief item. 

The cost of fuel may be roughly estimated by assuming a consumption of 
+ ton of coal or 4 cord of wood for each ton of ore roasted. 

These, and the maintenance of furnaces, are the chief items when roasting 
for subsequent cyaniding. 

In America, for hand reverberatories, the cost for fuel and labour is from 
15s. 6d. to 17s, 6d. per ton, and in Johannesburg from 7s. to 8s. 

Stores.—The materials included under this heading vary considerably, 
according to the manner in which the analysis of costs is made. Thus, oil and 
waste may be included in this item or in the cost of power. Materials for 
lighting are sometimes included in general stores, and sometimes given sepa- 
rately. Again, all chemicals except cyanide are often charged to stores account, 
and consequently we find in the Witwatersrand district alone, such remarkable 
variations, as from 0°255 to 3°701 jence per ton, in contemporaneous published 


statements from different plants. 
24 
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Maintenance and Repairs.—The cost of these depends upon the price of 
labour and materials in the same way as the cost of construction, and may 
therefore, for estimating purposes, be stated as a percentage of the latter, in 
which case we find, from the examination of many actual returns, that the 
figure will generally lie between 0°72 and 0°91 per cent. per annum, calculated 
on the original cost of the plant. 

Insurance may also be fairly charged under this head, although this is not 
usually done. 

Clean-up and Realisation of Gold.—Some idea of the cost of this may be 
gathered from the examples of complete costs given below. But these figures 
are all calculated per ton of material treated, and it is often necessary to know 
the cost per ounce of gold recovered ; for instance, when comparing different 
methods of precipitation or of refining. 

The following costs for cleaning-up and smelting precipitates, from zinc 
boxes in America, were given some years ago by W. R. Ingalls,* but are still 
valid for the same method, namely, acid treatment and pot smelting at the 
present time. 


Cents per oz. Pence per oz. 
Fine Gold, Fine Gold. 


Labour cleaning-up, 15 hours at 830c., $4°50 ... 2°25 ... 1°125 
Acid, fluxes, and supplies, . : ~ . 8°00 -.2. | 4°OO See 
Coke, 400 lbs. at 7¥c., —.. : . 8°00 .. I°BUR eo 

Total for 200 ozs., -PL5"50- 5... 1S, nen 


For materials alone, the figure is therefore 5°5 cents = 2°75d. The cost of 
the smelter’s time is not given, and, in fact, in small plants this work is 
generally done by the manager or by the assayer, and is included, therefore, 
in other items. 

The cost of smelting the gold contained in the ash from charcoal precipita- 
tion, according to J. I. Lowles in the paper previously quoted, is ls. per ounce 
of bullion 900 fine, or 13°33d. per ounce of fine gold. This figure is for fluxes, 
fuel, and pots at Australian prices, but does not include labour. 

E. H. Johnson t published the following figures for a clean-up similar 
to Ingalls’, in Johannesburg. Dry weight slime, 504 Ibs. ; after acid 
treatment, 100 lbs. 


Per oz. Fine Gold. 


672 lbs. acid at 44d., . ; ~ £12 7350 a 4°88 pence 

66 lbs. borax at 37/6 per cwt., . y Led) a 0°44 ,, 

9 lbs. carb. soda at 24d. per lb.,. On Lo re 00425; 

9 lbs, fluor spar at 4d., A P Q 3 «0 at OVGz5 5 

5 bags coke at 8/6, ‘ : ; 2 eee 032.5) 

No. 60 crucible, . 5 LY SiG es a 
Total for 620 ozs. fine gold, . £17 9 ae O77 mae 


* “Precipitation of Gold from Cyanide Solutions,” Min. Ind., vol. iv. p. 338. 
+ Jour. Chem. and Met. Soc. of S. Africa, June 19, 1897. 
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For smelting zinc-gold slimes without acid treatment in Johannesburg, G. 
T. M. MacBride gives the following :* 


Per oz. Fine Gold, 


Borax, ; ; : ; ‘ leh A 0°52 pence 
Soda, . 0 6 7 Orle 
Fluor spar, . 0 5 6 Orie 
Nitre, . On 2ae6 O-Oie = 
Pots; .. Pg eae Q-44 ., 
Coal, 1 16-0 O05" 5; 
Labour, Nb oe ae! 0'47_,, 
Total for 580 ozs, fine gold, £5 19 pia Ss ae 


Say 2d. per oz. for materials, and 23d. including labour. 

The following costs for two methods of refining precipitates from the zinc- 
lead couple at the present time in Johannesburg have been kindly supplied by 
P. S. Tavener. 

1. Sludge treated by sulphuric acid, followed by calcining and pot smelting 


Per oz. Fine Gold. 


Sulphuric acid, 721 lbs. at 32d., elie on s6 om 5°69 pence 

Stores, crucibles, clay liners, etc., 3 Liao 0 oe 5:56 »,, 

Coal,. , . : ‘ : ; 2138026 sa Le48- 5, 
Total for 475 ozs. fine smelted gold, £25 4 0 a Pate Re 


2. Materials used for smelting and cupelling the product from zinc-lead 
precipitation boxes, at Bonanza mine, Johannesburg, from June to September 


1902; 
Per oz. Fine Gold. 


Coal,. : : : : : eer lo: 1 1°54 pence 
Coke, ; : : ; ; ; 9 8 6 Otome 
Fireclay, ; ; : 5 : a 0 0°06 ,, 
Firebricks and slabs, . : ; ; 17e15< 6 Ocoee 
Paper bags, : i § : Lhe G 0°03 ,, 
Lead, : : : ; : : 3 0 8 O-OGnar 
Crucibles and liners, . : : e157 9 008" 4, 
Bone ash, . : : : : : 10280 Ooo. 
Sundries, . 210.4 Os0saae. 
Total for 12,810 ozs. fine gold, . £13110 7 a 246°", 


Any of the above figures can, of course, be readily converted into cost per 
ton of material treated for any given extraction per ton, either actual or 
estimated. 

The last figures, with the exception of one or two trifling details, will apply 
to the melting and cupellation of the gold-coated lead foil from the Siemens and 
Halske process, in the same district. 

From small plants the lead bullion can be sent to customs works for 
cupellation. In Johannesburg the costs for this are from 4d. to 9d. per oz. of 
fine gold, less £5 per ton for litharge. 


* Proc. Chem. and Met. Soc. of S. Africa, vol. i. p. 387. 
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In Australia, customs works buy the bullion outright at the following 
prices : 
Fine gold, assay value at 82/ per oz. 


Silver 90 per cent. of assay, at bar silver price 
Lead—London price soft lead, less 74 per cent. 


Depreciation.—The object of this charge, which is, perhaps, more truly 
expressed by the word ‘amortisation,’ is to replace from revenue the money 
originally spent in construction of plant. Consequently, it is arrived at by 
dividing this amount by the total tonnage to be treated during the whole life 
of the plant. It is possible, of course, that the plant may have some value at 
the end of its life, but, as a rule, it is better to neglect this in calculating the 
amortisation charge, except in special cases of temporary plants, which are 
afterwards to be removed and used again by the same owners. For if a plant 
has to be sold after several years’ work, the price obtained for the saleable 
parts is negligible in comparison with the first cost of construction. 

A single example will sufficiently illustrate the principle above stated. 

Assuming the case of a plant to treat 20,000 tons monthly for ten years, 
which cost, say, £50,000. This sum, then, divided by the total quantity to 
be treated, namely, 2,400,000 tons, gives 5d. per ton as the proper charge for 
depreciation. 

In the case of a mine, the total tonnage has to be estimated roughly at 
first, but the charge may be adjusted from time to time, according to the 
reserves of ore opened up. In very doubtful cases, it is better to start with 
a relatively high charge, based on a conservative estimate of the material avail- 
able for cyanide treatment, and to reduce the charge afterwards when a larger 
quantity of material is assured. 

General Charges.—This item has little interest from a metallurgist’s point 
of view, because it depends upon factors entirely beyond his control. It may 
include a calculated portion of all or any of the following expenses : 

General manager’s salary. 

Consulting engineer’s salary. 

Mine office expenses. 

Head or other office expenses. 

Directors’ fees, etc. 

Examples of Working Costs—Australia.—(a) Average costs of working 
a small plant with electrical precipitation in New South Wales, treating 
46,400 short tons of clean tailings in 24 years: 


1, Cyanide, . : - : P . : . 6°65d, 
2. Lime, ; ; : é ? : ‘ ‘ 0°29 
3a. Lead foil, . 2 s ‘ : : 5 : 0°41 
3b. Iron anodes, . ; if A : : , 1°02 
4. Firewood, at 15/ per cord,. ; : . : 2°10 
5. Manager and shiftmen, . ; oi 6 eee 9°13 
6, Filling and emptying vats, ; : : : 7°54 


—_—— 


Carry forward, 2s. 3°14d. 


: 
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7a. General stores, . 
7b. Electrical stores, 


8. Maintenance and repairs, . 
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Brought forward, 2s, 3°14d. 


9. Transport and sampling lead aie), 


11. Sundries, . , 


12. Depreciation, 
13. General charges, 


Working cost, 


Total cost, 


1°50 
0°31 
0°41 
0°64 
0°82 
. 2s. 6°82d. 
8°32 
4°16 


peoSrt oud, 


(>) This example is from a plant in Victoria, worked under the same 
management as (a), also with electrical precipitation, but on tailings containing 


decomposed copper minerals. 
about 850 tons per month. 


The figures refer to an average treatment of 
The price for iron anodes is estimated, but all 


the other figures represent the actual outlay for each item, and is the average 
of 7 months’ work. A comparison of (a) and (4) shows how very greatly the 
total cost depends upon the nature and quantity of the material treated. 


1. Cyanide, 
2. Other chemicals, 
8a. Lead foil, 
3b. Iron anodes, . 
. Firewood, 


. Manager and shiftmen, . 


. Maintenance and Pepsin 


. Transport and realisation of lier 


4 
5 
7. Stores, 
8 
9 
1. Sundries, 


12. Depreciation, 
13. General charges, 
14, Royalties, . ; 


Working cost, 


Total cost, 


(c) Cost at Myall’s United mine in New 
about 2000 long tons per month. We give in the second column the figures 
worked out per short ton. 


ue 
2a. 
20. 
Seine, *. 

. Steam, ; 
. Supervision and ioe 

. Filling vats, 
. Extra labourers, 
. Tip timber, : 
. Coke, : : : 
. Sundries, 


Cyanide, 
Lime, 
Chemicals, . 


Working cost, 


* W.R. Thomas, 7rans. Inst 


Long ton. 
ores 


is: 


3s. 7°74d. 
ls. 2°86 
2°03 
1°87 
6°23 
2s. 11°67 
9°35 
1°35 
5°50 
0°92 
lls. 9°79d. 
2s. 0°00 
4°90 
foe 


, 145. 1002d; 


South Wales * when working 


0°5 
0'5 


Short ton. 
ls. 0°23d. 


0°45 
0°45 
1°52 
1°07 
4°20 
10°98 
0°89 
0°09 
0°54 
0°45 


Qs. 8°87d. 


vol. vii 


. of Min. and Met., vol. vii. 
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It may be noted that the cost of stores has apparently been distributed 
and included in other items, and that no charge is made for maintenance and 
repairs. 

The next four examples were quoted by S. J. Truscott from the respective 
Companies’ Annual Reports, at a meeting of the Chemical and Metallurgical 
Soc. of S. Africa.* 

(d) Cost at Ivanhoe mine, Kalgurli, W.A., for year 1901, for about 4000 
tons of sand per month by double treatment after wet crushing : 


1, Cyanide, . : : : ‘ « 415.5 °69e. 
2. Lime,”. : ‘ : 5 ; j f 2°44 
3a. Zine, . ‘ ; é : . : 0°70 
3b. Cutting zinc, , : : , : 0°29 
4a. Fuel, . : : 2 ; : : : 6°46 
4b, Engine-driving, . ; : ‘ ; - 2°33 
5. Superintendence, . : ; : : : 2°11 
6a. Filling and emptying, . A : : . “Tsi2eae 
6b. Removal of old tailings, : , ; : 4°72 
7. Stores, : ; : . : ‘ : 1°91 
8. Repairs and renewals, . : : ‘ : 4°67 
9a. Assays, ; ‘ ; ; , : ; 1°66 
9b. Smelting, . ; : . : d : 0°53 
11. Condensed water, : : ; : : 3°37 
Working cost, , . 5s. 3°82d, 


(e) Cost at Ivanhoe mine, year 1901, for treatment of about 5000 tons per 
month of slime by agitation and filter pressing : 


1. Cyanide, . : é : : : . ‘Je, 650d, 
2, Lime, .. : : : : : ; : 2°04 
3a. Zine, . ; : ; , : ; : 0°54 
36, Turning zinc, 3 ; ; : ‘ 0°22 
4a, Fuel, . : ; : . : ; & 5°88 
4b. Engine-driving . ; : : : 1°98 
5, 6. Labour, : : c 3 : : . Is. 4°34 
60. Trucking, . : ; : ; : : 7°49 
6c. Removal of old slimes, : : : ; 7°98 
7a, General stores, . 5 ‘ : : : 1‘70 
7b, Filter cloth, : : ; ‘ : 3 0°86 
8. Repairs and renewals, . : : : ‘ 4°09 
9a. Assays, - : : : : : ; 2°30 
9b. Smelting, . 2 ; : : . : 0°60 
lla. Condensed water, : : : : , 3°22 
11d. Salt water, . : ; ; é : ; 1°51 
llc, Compressed air, . : : : . 3°77 


Working cost, : . Garrt2d: 


(7) Cost of treating 3300 tons of sand per month at Golden Horseshoe mine, 
Kalgurli, W.A., during year 1901, by double treatment after wet crushing : 


* Jour., vol, iil. p. 43. 
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1. Cyanide, . , : : : - 1s, 10°82d. 
2. Lime and chloride oP ite : : 5 0°64 
8a. Zinc, . : : ‘ ; ; é : 0°95 
3b. Turning zinc, : : : ‘ : 1-06 
4a. Fuel, . : , : : : 2°51 
4b. hone driving one nears A : 1°85 
5a. Saitcatntance: : : : d 1°15 
5b. Solutionists, pumping, etc., . : : : 5°32 
6. Filling and emptying, . ; : : . Is, 2°41 
6a. Breaking slime and sands, . : ; 2°90 
6b, Extension of tramways and repairs, . : 1°60 
6c. Rehandling sands from dump, . : ‘ 1°03 
8. Repairs and maintenance, . . : ; 5°68 
9a. Assaying and retorting, : ; : ’ 2°34 
9b. Realisation charges, . P : : : 4°62 
10. Electric light, . : : ; : ; 1°05 
lla. Fresh water, : ; : A ‘ : 2°16 
11). Salt water, . 5 : : : ; ; 2°24 

6s, 2°33d. 


(g) Cost at Golden Horseshoe mine for year 1901, for treatment of 4000 
tons of slzme monthly by agitation and filter pressing : 


1, Cyanide, . : : : : : , 16,11 -03d; 
3a. Zinc, . : : ‘ : ; : “ 0°95 
3b. Turning zinc, : ‘ : ‘ 0°62 
4a. Fuel, . , ; ; : 9°22 
4b, Engine fre and Bat : , ; 4°66 

5. Superintendence and attending polation j 6°03 
6a. Breaking slime and sands, . : 6°77 
6b. Discharging presses, . . pe Leone L 2 
6c. Dumping residues, : ; ; ‘ 8°57 

7, 8. General stores and charges. Repairs, . sts oso 
7b. Filter cloth, i : : ; : 7 4:17 
9a. Assaying and retorting, , : ; : 2°91 
9b. Realisation charges, . : : : ; 3°79 

lla. Condensed water, : ‘ ; 5 : 7°49 

11d. Salt water, . ‘ : ‘ : : ; 4°64 

llc. Compressed air, . : ; ; : : 6°99 
9s. 11°09d. 


(k) This example is given to show the increased cost of work in less 
accessible parts of Western Australia. The figures are from the Report of the 
Sons of Gwalia, Ltd., for the year 1900, during which period 13,133 tons of 
accumulated tailings and 28,267 tons of sand from current battery product 
were treated. Very few details are given in the report. 


1-7. Cyaniding, . : : : ‘ , perdsed fod, 
8. Repairs, . ‘ : , : : ‘ ‘ 2°88 
9, Assaying, : : : : : : ; 1°00 

13a. Administration, . ‘ ; : ; : 2°70 

13b. General expenses, . ‘ ; ; , 3°97 


(s. 7°38d. 
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(¢) This example, which shows the whole cost of working in Kalgurli from 
shaft head to residue dumps, has been compiled from actual returns supplied 
to us for the purpose. The costs, as far as the separation of sands from 
slimes, are, of course, common to both products, and are given separately-—per 
ton. 


Labour from brace to mill, 4 , : : Pas fo: 
Crushing, — 

Millmen, feeders, and greasers, . 699d, 

Engine-room labour, . : : 5°20 

Fuel and water, : : . Is. 4°83 

Maintenance and repairs, . ee ra a 20) 

Sundry stores, oil, waste, etc., . 1°10 

——- 3s. 10°52 

Separation of sands and slimes, ‘ : 2°44 


Total cost of preparation, 4s, 8°22d. 


Treatment of Sands. 


1, Cyanide, ‘ ; : : ; : . ds, 299d, 
Bo AiG, “i: 5 ; : 7 : ; 1°50 
4a. Fuel, . : : : : : ; 6°68 
4b. boar on ener : ‘ : : : 4°46 
dc. Water, . < : : : ‘ : : 0°17 
5a. Works manager, . : : ; 1°81 
5b. Shiftmen (solution ii : ; ; : 3°22 
6a. Filling vats, . ‘ : : . Is, 8°48 
66. Emptying vats, . ; : : ; : 9°50 
7. Stores, . g ; é ; : 0°78 
8. Medqiananiee and erate ; : ; : Leah 
9. Assaying and realisation, : : : 6°28 


Total working cost, 6s. 6°41d., 


Treatment of Slimes. 


1. Cyanide, : : : . Tsaenid, 
Saino, us ,; ; : : : ' : RB, 
do, Fuel,  . : ; : ; : 6°78 
4b, Labour on machinery, . : é ; 4°52 
4c. Water, . : ; : ; : ; : 0°17 
5a. nee manager, . : ‘ . : 1°81 
5b. Shiftmen, : : ; : a: 3°27 
6a. Filling vats, . : : : 6°06 
6b. Filling and aesheeriee presses, including 
trucking, . ; é ; : . vee 
7a. Stores, . : : : : 0°79 
7b. Filter cloths, . : : : ; : : 2°21 
8. Maintenance and repairs, ‘ : : . dsisb6 
9, Assaying and realisation, ; : : ; 6°10 


Total working cost, 7s. 683d. 


As the ratio of slime to sand was about 3 to 1, the cost per ton for the 
whole of the work may be found thus— 
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1ton sand at, . : : : ‘ . 6s, 5°41d. 
3 tons slime, : : : . : ; 22s, 8°49 
For 4 tons crushed, . gs ; : . 29s. 1°90 


Thus, cost of cyaniding per ton crushed, . 7s. 3°48 
‘ad Add for crushing and separation, asabove, . 4s. 8°22 


Total surface working cost, 11s, 11°70d. 


E4 Or practically 12s. per ton, exclusive of depreciation and general charges. 

(j) Example of costs of the Diehl process at Hannan’s, Brownhill, Western 
Australia, in the month of July 1901, when 2210 tons of ore were treated. 
These are R. W. Feldtmann’s figures, taken from H. Knutsen’s* paper read 


oD before the Institute of Mining and Metallurgy. 
Labour: 

3 Solution hands, . : : ; : ; £79 16 6 

3 - e assistants, . : 58 6 8 

2 Filter press foremen, . : : : 4616 8 

4 # cleaners, . 5 : F 3 (he eee) 

4 as truckers, . : * nl eee ey: 

1 Watchman, : ; : " : t UF. ea oe | 

2 Rouse-abouts, . : : ; s a 43 5 6 
Proportion timekeeper, ‘ ; : C= Oe I 

mt electrician, . 1 10 -0 

ee carters, : ; A : : an0e 0 

ai crushing lime, 10780 

Supplies : 

Lime, . >. : ev: : : 26 10° 0 

Zinc shavings, . et oe : : : iyi 6 
Potassium cyanide, . ; : ‘ ' 418 9 2 
Bromo-cyanide, . : : : ; : 457 0 0 
Sulphuric acid, . : . ; - : 20 18 6 

Fresh water, ; , ; ce gees ; 4 9 10 
Bromo-salts, : ; : ; : - 109 3 0 

Other supplies, . : : 5 : ; rp wen yt 
Repairs, : : - 5 P : : 64 9 2 
Power, ‘ : ; . ; ; : 2ol.16° 9 
Assaying, . ; ; : ; : : 45 6 8 
Administration, . a: ‘ . ; 1611 8 

Total for 2210 tons, cele, Lin? 

»> per ton, ; : 17 1:02 


United States.—(k) Example of American costs at Standard Cons. Mines, 
Bodie, California, arranged from figures published by T. H. Leggett t for 6515 
tons treated in 79 days. 


* The Min. Jour., vol. lxxii. p. 1114, 1902, 
+ Inst. of Min. and Met., vol. iv. p. 151. 
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1. Cyanide, 0°42 lbs. per ton, . : : se Is O°h8de 
DRAW ACHL erga tk ho een i he oe 5°48 
3. Zine, 0:29", ne : A : 1°28 
4, Firewood, 0°013 cord per ton, . : . 5°23 
5, 6. Wages, also filling and emptying, . ; . 28s. 3°10 
6a. Hauling, ; ; : : 5 . Is, 3°32 
7. Stores, . : : : : : : : 116 
9. Sulphuric acid, ‘ ; : : ‘ ; 0°25 
10. Miscellaneous, ; : ‘ ; ‘ F 0°26 


Working cost, 5s, 8°66d. 


This apparently excessive total is accounted for by the high prices of KCy 
(2s. 6d. per Ib.), labour and fuel. 


(2) Cost of treating about 3600 tons of sand monthly at Geyser Marion 
mine * in 1899. 


We have added the costs per ton in pence. 
These figures are the averages on 43,271 tons. 


Cents. 8. da. 
1. Cyanide, at 30 cents per lb., . - ; 15 se 75d. 
2. Lime, at 40 cents per bushel, . 3 : 0:2 oe 0°10 
3. Zinc, at 9 cents per lb., . : ; : 2°2 oe 1:10 
4, Coal, at $5°00 per ton, . ; ; : 50 a 2°50 
5, 6. Labour, including filling vats, ; . 12°9 ee 6°45 
6b. Discharging tailings, ‘ : ° ; 10°0 fe 5°00 
7, 8. Oil, repairs, and incidentals, . ‘ : 2°8 a 1°40 
9. Proportion of assayer’s salary, . : ; 1:9 swe 0°95 
Working cost, 50°0 pero ths 


Witwatersrand.—In this district it is now customary, in preparing the 
annual reports of the mining companies, to analyse all the treatment costs on 
the basis of tonnage milled, which is a satisfactory arrangement for giving all 
necessary information to shareholders. But the metallurgist requires, more 
particularly, to know the working costs per ton of material actually treated by 
any process. We have therefore in the following examples re-calculated each 
item on the basis of tons treated. 

Thus the figures in example o were calculated from costs and tonnage 
given in the Reports of the Simmer & Jack Proprietary Mines, Ltd.j As 
various changes in quantities and methods occurred during the period covered 
by these tabulated returns, the following explanation of them is necessary. 

The first column gives the cost of the Macarthur Forrest process in the 
early part of 1897, at the rate of about 4000 tons monthly in an old plant. 

The second column refers to the treatment of 8000 tons per month in 
1897, in a new plant with Siemens-Halske precipitation, and the third column 
is for the same method from January 1898 to June 1899. 


* Eng. and Min. Jour., W. Magenan, vol. Ixx. p. 70. 
+ Kindly placed at our disposal by the London Secretary, Mr J. T. Bedborough. 
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The fourth column shows the same costs as the third, but calculated on 
the ton of ore milled. 


M‘Arthur,| Siemens, | Siemens, | Per ton 
L897. 1897, 1898, milled. 
m n 0 o 
| 
18 Cyanide, ‘ : , ; 10°13 596 4°64 3°33 
2. Chemicals, . : : ‘ 2°04 0°31 ‘07 05 
3a. Zine, >. -. : ; ; : "86 yw shy i 
b Lead foil, : : ‘ ; “s 2°39 1°22 87 
, ¢; Mercury, ; ; : i se is 03 02 
4a, Steam coal, . ’ : : 3°88 2°66 ‘73 "52 
b. Electric power, ; aM 4°98 "80 58 
5a. Foremen, ; , : : 87 1°96 30 “22. 
b, Shiftmen, . ; : : 4°45 Dole 1°85 1°32 
C. Native labour, : : : TOL 1°47 "85 ‘61 
d. Compound expenses, . A 2°26 53 "50 "36 
é. Engine-drivers, . : 1°84 1°24 "42 "30 
6. Contractors, filling, ete., ‘ 11°09 9°15 6°79 4°86 
7a. Lubricants, . ? : "24 "BD Fi i 08 
b. Tools and steel, : : : "23 10 02 ‘01 
6. Iron and sheet steel, ee 11 "09 2) 15 
d. Machinery renewals, A 03 31 1°22 "87 
é. Ropes, belts, etc., . : ; Re Shih 65 ‘47 
ie Hardware and sundries, : “D2 98 "59 "42 
g. Candles, ; ‘ ; “ 02 ‘O1 a a 
8a. Timber, etc., : : : “bY "52 °49 BD 
b. Smithy coal, . : i "27 "12 10 ‘07 
C. Blacksmiths and mechanics, : "90 1°58 12tG 82 
ad. Carpenters, . ; : : 13 0°64 "43 "31 
é. Surface contractors, : : 04 ie 03 02 
j. Workshop expenses, : "20 14 17 aly: 
g. Insurance, . : : Ba | 08 vVul a 
9a. Assay office expenses, ; ; 1:67, 1°58 58 "42 
b. Refining expenses, : : 1°01 1°20 "94 67 
C ZAG, S ° ; mee "04 a3 as 
10. Electric light, ‘ ‘ : a "83 33 ‘23 
Total working cost, | 4s, 2°29d. | 3s. 9°1ld. | 2s, 1°23d. | 1s. 6°05d. 
q 12; Depreciation, : Hi Py PE wae 
| 13a. Manager and consulting engineer, 26 38 10 07 
/ b. Mine office, . | ; : 49 °46 A aa 07 
b Stable expenses, . : 5 2°39 "19 08 06 
d, Rants. 5 : é é ; 13°39 gis oh eas 
14. Royalty, : ‘ : - bes 3°73 2°71 1°94 
Total costs, | 5s. 6°8ld. | 4s. 1°87d: | 2s. 4°22d. | 1s. 8°19d. 


(p) The following figures are extracted from the Annual Reports of the 
Crown Reef G. M. Co., Ltd., issued from 1897 to 1899.* Each column of 
figures represents the average of twelve months, and these costs include the 
treatment of the sands and the spitzlutte concentrates. 


* For these reports we are indebted to the courtesy of the London Sccretary, Mr A. 
Moir. 
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Report issued in | 1897, 1898. 1899. 
Tons of Sand and Concentrates, | 145,367 139,076 165,087 

| s a 8. -\ de Ss. ay 
| All labour in working, filling, and emptying, 1 2°05 11°44 8°99 
All supplies, including Seu? and zine, . uw Oe 1 4°12 1 3°93 
Maintenance, . . : , 5°45 6°36 4°60 
Operating solution and vacuum ‘pumps, , 0°65 0°60 0°75 
Lighting, 0°42 0°41 0°47 
Mechanical haulage from vats, . : 0 36 0°55 0°36 
Total working costs, | 3 4°58 | 2 11:48 | 2 720 


| 


Cost of Treating Current Slimes.—(q) The following figures are from the 
reports of the Crown Reef G. M. Co., already referred to. Electrical precipita- 
tion. 


Report issued in | 1897. 1898, 1899. 
Tons treated, 21,539 40,955 32,111 
Se tks SM: roe: 

All labour in working, ‘ . | Bone 11°63 921 ae 
All supplies, including cyanide ‘and lead, ; . | 2 4°00) peo Oo ee 
Maintenance, ; ; : 8°81 10°26 a Si 
Operating solution and slimes pumps 4°59 3°98 6°40 
Lighting, : 0°59 0°46 0°80 
. Total working cost, | 5 0°37 | 3 5°85 | 4 2°45 
Royalty, . : . ; : : : 4 é 4°06 2°27 2°15 
Total cost, | 5 4°48 8 8:12 4 4°60 


(7) This example is from the Reports of the Simmer & Jack Proprietary 
‘Mines, Ltd., to 30th June 1899: 


Tons slime treated in 18 months, 122,635. 
Total cost, £26,480, 16s. 5d. 
Cost per ton, 4s. 3°82d. 


(s) The following costs of the whole treatment of dry crushed pyritic ore 
at Luipaard’s Vlei Estate were published by Franklin White :* 


* Trans. Inst. Min. and Met., vol. vii. pp. 137, 138. 
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HH 
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Oo oony 


COST OF TREATMENT. 


Cost of Dry Crushing Pyritic Ore with Rolls, 


White wages, 
Native ,, 
Stores, 

Steam power, 
Electric ,, 
Maintenance, 
Lighting, . 

Rock breaker cost, 


Total, 


10°995d, 


3°924 
8°863 
7°856 
0°408 
7°322 
0°485 
9°747 


4s, 1°600d, 


Cost of Cyaniding Dry Crushed Ore, 


. Cyanide, 0°40 Ib., 
Danes 62°D5.., 
Zinc, O3i-,, 
. Power and light, 
. White wages, 
Native _,, , 
. Coal, coke, and hes 
. Maintenance, 
. Assay one 
. Stables, . 


OB go bo pe 


Total, 


8s. 3°51d. 
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(t) The following figures were published by John R. Williams,* as 
examples of the lowest costs obtained up to the present time (1902), in 
working slimes by the decantation process on the Rand : 


Company No. 1.) Company No. 2.;Company No. 3. 


ed. $0. 
1. Cyanide, 5°18 5°30 
2. Lime, 6°08 3°54 
3. Zinc, S 0°92 
4, Power, : 4°20 2°16 
6. Filling and dischargin : and : : 
labour, white and He 1 114 10°63 
7. Stores and material, : ; : 2°88 3°31 
8. Maintenance, . , : 0°10 5:07 
9, Assaying and sampling, 2°49 1°70 
1. Water, f : 0°18 0°78 
2 10°20 o) eAN| 


Woe © He oms, 
won TW HE oOodo 
“TIT OHO or 


H= CO OV 


2 10°51 


* Jour. Chem. and Met. Soc. of S. Africa, vol. iil. p. 61. 


CHAPTER XLIV. 
COMPLETE CYANIDE PLANTS. 


No. 1.—In figs. 181 to 188 a complete cyanide plant is illustrated, which, 
although built for single treatment, is also suitable for double treatment, and 
is a fair sample of a well built plant with timber vats. These figures are all 
reproduced from the working drawings. The first two, viz., 181 and 182, show 
the relative levels of collecting vats aa, leaching vats 0 6, with the staging cc 
for transferring the tailings from the former to the latter. Owing to the 
small fall available below the battery, the collecting vats are sunk partially 
below the ground level, while the treatment vats are raised on piers to pro- 
vide for dumping the residues without any second lifting. Figs. 183 and 184 
together constitute a plan of the whole plant, showing the position of the 
storage vats ee, intermediate vats f/, and precipitation shed g. The latter is 
larger than necessary, because provision was made for the possible addition of 
boxes for solution from a slimes plant. Figs. 185 and 186 are transverse 
sections at the places indicated. Fig. 187 is a detail plan of part of the 
tipping platform above the vats, and fig. 188 is a detail of one roof truss for 
the shed. | 

There are six collecting vats, 18 ft. in diameter, with 8 ft. staves, each 
having a distributor with six arms. There is a double tunnel under the vats, 
and two discharge doors in each vat. 

There are also six leaching vats, 23 ft. in diameter inside, with 8 ft. staves, 
each having two 12-inch discharge doors. A double track on the inclined 
road from under the collecting vats to the top of the leaching vats enables 
two sets of trucks to be worked, so that one set can be filled while the other 
set is tipped. The hauling is done by a steam winch placed in line with the 
centre of the two trucks, 48 feet beyond the left-hand vat in fig. 181. The 
vats are discharged by manual labour, with 20 ft. side-tipping trucks. 

There are four upper storage tanks, for alkaline wash, strong and weak 
KCy solutions, and clean water, respectively. After passing through the vats 
and precipitation boxes, the solutions are pumped back to the storage tanks, 
from the sumps / k, by four Worthington duplex steam pumps. Of the four 
precipitation boxes, one is intended for alkaline washes, one for strong solution, 
and two for weak solutions. The function of the intermediate vats 77 is to 
allow of a regular supply of solution to the electrical precipitation boxes 
irrespective of the actual quantity coming from the treatment vats at any 
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Fre, 182.—Collecting Vats in Elevation and Section, and Inclined Tramway to Treatment Vats. 
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Fic. 183,—General Plan of Treatment Works. 


Fic. 184.—Part of Tramway over Vats in Plan. 
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Fic. 185.—Transverse Section on Centre Line of Treatment Works. 
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Fic, 186.—Transverse Section through Storage and Leaching Vats at End of Works. 
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moment. To make this supply absolutely regular, the small vats or cisterns 
hh are introduced. Each of these has an ordinary ball cock (made of iron) on 
the pipe which supplies it from the intermediate vat, so that the level of the 
solution in the cistern h cannot vary more than a couple of inches. Conse- 
quently the boxes receive their solution under a practically constant head, and 
the flow through them is quite uniform. 

The collecting, leaching, and storage vats are all built of 3-inch Oregon 
pine, and are placed on timber joists resting on stone foundations. All 
framing and staging are of Australian hard wood ; the trestles have posts 6 in. 
square, tenoned into 12-in. x 12-in. sills. At the top the uprights are notched 
to receive two 9-in. x 3-in. pieces on edge, one on each side, and these are 
bolted together with 3-in. bolts. There are four 12-in. x 3-in. bearers, with 
herring-bone struts at the centre of each span. The staging is decked with 
9-in. x 3-in. deals, with l-in. spaces between them, except the parts over the 
vats, which are covered with strips 3 in. deep, 24 in. wide at the top, and 2 in. 
wide at the bottom, laid on edge, with 24 in. clear between them. The strips 
are alternately 6 ft. and 4 ft. long, as shown in fig. 187, and are fastened to 
the bearers with 6-in. spikes. A handrail and stairway are provided, as shown 
in the drawings. The plant was designed for 2500 short tons monthly, with 
six days’ treatment. 

No. 2.—The plant illustrated in figs. 189, 190, and 191, designed by John 
Kelly, consulting engineer, Johannesburg, is one of the double-tier type, which 
has been so largely used on the Witwatersrand. It has very nearly the same 
vat capacity as the plant previously described, so that the two types may be 
readily compared. Fig. 189 is a front elevation, with the precipitation shed 
omitted ; fig. 190 is a cross section through vats and sheds; and fig. 191 is a 
plan. 

There are six upper vats aa, 24 ft. in diam. by 7 ft. deep, for collection 
and first treatment of the rough concentrates and sands ; these collectors have 
Butters-Mein distributors and four bottom discharge doors 77. The six lower 
vats bb, 24 ft. by 8 ft., wherein the treatment is completed, have each three dis- 
charge doors jj (two only are shown in the drawing), arranged in one line over 
a single tunnel & between the stone piers //. There are two solution storage 
vats cc, 20 ft. by 8 ft., and one 16 ft. by 8 ft., placed in an excavation below 
the shed. All the vats are of steel, and the leaching vats are carried on rolled 
joists, which for the lower vats rest directly on stone piers as at ee, while the 
upper joists ff rest upon compound girders g g, carried by cast iron columns h h. 

The battery pulp is elevated by a wheel, whose centre lines are shown on 
the plan ; this wheel delivers through the launder m to a spitzlutte », which 
separates the pyritic material and delivers it to one of the upper vats. The 
spitzlutte overflow passes by launders to another of the upper vats. From 
the slat gate discharges of these upper vats the slimy water passes to a 
spitzkasten 0, whose overflow goes directly to the slime dam, and whose under- 
flow, containing fine sand, goes back to the tailings wheel, as already described 
in Chapter XXVI. 
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Fre. 189.—Cyanide Works arranged with Superimposed Vats for Double ‘Treatment ; Front Elevation. 
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Fre, 190,—Cyanide Works arranged with Superimposed Vats for Double Treatment ; End Sectional Elevation. 
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Fra. 191.—Cyanide Works arranged with Superimposed Vats for Double Treatment ; General Plan, 
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The solutions pass from the leaching vats to a settling box p, which | 
clarifies them to some extent before they enter the precipitation boxes. The 
half of the settling box through which the solution rises is filled with coir to 
assist the clarification. Frorn the boxes the solutions gravitate to the storage 
tanks, and are pumped up again to the leaching vats when required by a 
4-inch centrifugal pump gq. 

The tailings wheel is driven by an electrical motor r by means of the 
gearing ss. No intermediate vats are provided in this plant. 
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ABSORPTION of air by solutions, 95. 
Accumulations, tailings, 169. 
a “g plant for treating, 
171. 
Acid, applying to gold slimes, 163. 
neutralising test, 29. 
* “a cost of, 362. 
solutions, precipitation from, 125. 
sulphuric, cost of, 363. 
,, treatment of ore, 201. 
7 if zine, lead, gold slimes, 
164. 
Acids, action of, on cyanides, 102. 
Adhesion of air to solid particles, 57. 
Adsorbed substances, nature of, 56. 
Adsorption, Gore’s experiments, 55. 
a laws, little known, 57, 
a phenomena, 55. 
Aeration of pulp, 217. 
E solution, 74. 
Agitation apparatus for testing, 16. 
,, and percolation compared, 200. 
», and settlement of slimes, Rand 
practice, 226, 231. 
o3 test, 36. 
5, treatment of slimy sand, 87, 231. 
Agitator vat, 280. 
Air applied to working solutions, 73, 74. 
,, compressed, for drying filter press cakes, 
243. 
,, effect at pyrites in dissolving gold, 65. 
,, oxidising test, 32. 
,, solubility in salt solutions, 96. 
. sf in thick or viscous solutions, 
97. 
x “3 in water, 95. 
Alderson, M. W., treatment by agitation, 
231. 
Alkali consumption test, 29. 
Allen, R., Kalgurli practice, 191, 214. 
Alumina in solutions, effect of, 159. 
Aluminium cathodes, unsuitable, 140. 
wp precipitation by, 158. 
Amalgam, sodium, precipitation by, 3, 158, 
Amalgamated cathodes, deposit effect, 141. 
Amalgamation after cyaniding, 19. 
% with cyanide, loss of gold, 2. 
. lime used in, effect of, 211. 
, tests, 19. 
American practice with rolls, 188. 
Ammonia in solutions, action of, 100. 
Ammonium cyanide dissolving power, 98. 


Amortisation, 372. 
Analysis of working solutions, 100. 


Andreoli, E., iron and zine cathodes used 
by, 140. 
op peroxidised lead anodes, 138. 


Anions and cations, how determined, 61. 
Anodes, 137, 142. 

,, area of, 145, 157. 

», arrangement of, 144, 148, 

», and cathodes defined, 60. 

», connections of, 142, 147, 284, 

», consumption of, 149. 

»,  difficultly soluble, 188, 142. 

,, insoluble, 138. 

», iron, 4, 188, 142. 

», lead peroxide, 4, 138. 

», sizes of, 142, 

1, soluble, 137. 

», transfer resistance, 187. 
Antimony sulphide, cyanide action, 106. 
Apparatus, agitation, for testing, 15. 


Pa electrical, cost of, 354. 
ie precipitating, for testing, 15. 
z wet sizing, for samples, 22. 


Applications, cyanide process, 169. - — 
Argall, P., analysis of working solutions, 99. 
,, furnace for ore drying, 186. 
Arrhenius on electrolytic dissociation, 59, 
Arsenic, cyanide action, 106. 
Arsenical iron, cyanide action, 106. 
ie pyrites, cyanide action, 81, 106. 
Assay, amalgamation, 19. 
», Weight of ore for, 27. 
7 . solution for, 27. 
Atmospheric pressure, influence on dissolu- 
tion, 65, 
Auriferous pyrites, dissolution of gold in, 63. 
Auro-cyanide, potassium, how formed, 64. 
Australia, West, Dehne filter press in, 239. 
Zs », filter press capacity, 241. 
ay », filter pressing slimes, 235. 
Australian working costs, examples, 872-377. 
Azurite in ore injurious, 106, 


BALL M111, Chilian practice, 190. 
A results tabulated, 193. 
. and rolls compared, 194. 
A and stamps compared, 191. 
West Australian practice, 191, 
241. ; 
Barium cyanide, dissolving power, 98. 
Barry, H. P., Waihi mine practice, 179. 
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Belt conveyor, capacity of, 321. 


er discharging, 820. 

“ practice, recommendations, 
320. 

= troughing methods, 318. 


uses of, 185, 187, 189, 
Bends, pipes and crosses, 293, 
Bettel, W., on acid treatment of ore, 202, 


i. "lead peroxide anodes, 138, 
- oxidising experiments, 64, 
.; rate of dissolution, 76. 


Betty, W. K., zinc-lead couple, 131. 
Blaisdell, H. W., aerator, 185. 
- ” mixer, 195. 
vat excavator, 185. 
Blake-Denison continuous weigher, 46, 
Blende, zinc, cyanide action, 108. 
Bodlaender on hydrogen peroxide formation, 
67. 
Boilers and engine power required, 285, 
», small, cost of, 355. 
Bone ash, cost of, 363, 
Bonney on electro-plating, 136, 
Borax, cost of, 363. 
Bosqui, F. L., results in precipitation, 129, 
Boxes, electrical, dimensions, 148, 
», zinc, dimensions, 134. 
Bricks, cost of, 348. 
Bromide, cyanogen, 74. 
Ss 5 action of, 75. 
“P in practice, 242, 
Brown, M. T., on crushing at Lisbon Berlyn 
mine, 196. 
Brunton, W., travelling filter, 233. 
Buildings, cost of, 356. 
= to cover machinery, 295, 
mk floor for, 296. 
S floor space, 295. 
quantities of material for, 297. 
s6 roofing for, 297. 
scantling sizes for, 296. 
Burslap, cost of, 351, 
» filter cloths, 271. 
Butters, Chas. , discharge door, 271, 275. 
high density current, 124, 
modified electric precipita- 
tion, 152. 
pulp thickness and dis- 
solution, 216. 
rate of dissolution, 76. 
slime stirrers used by, 226, 
time to dissolve gold in 
slimes, 217. 
Butters and Blaisdell’s multiple treatment, 
184. 
Butters and J. E. Clennell, acid treatment 
of gold slimes, 168. 
Butters-Mein automatic distributor, 172, 
185, 277. 
- collecting vat, 172. 
Butters and Smart, collecting vat sizes, 173. 
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CALCIUM cyanide, dissolving power, 98. 
Caldecott, W. A., formula to find weight of 
dry slime, 31. 
* oxidising zine in gold 
slimes, 162. 


eae W. A., vats, precipitation results, 
Caldecott, W. A., and J. Loevy, on oxida- 
tion of pyrites, 104, 217. 
Caldecott, W. A. , and P. S. Tavener, zinc 
vats, 282. 
Capacities, vat, table of, 386-391. 
Capacity of vats, how determined, 244. 
Carbonic acid absorption by cyanide solution, 
103. 
Carlin, electrode connection, 147. 
Carriage, discharge, for conveyors, 320, 
Cars or trucks, cost of, 355. 
sizes of, 302, 
Carter, T. L., zinc-lead slimes treatment, 
164, 
Cathodes, 139, 142. 
ms aluminium, 141, 
ie amalgamated copper plate, 141. 
- and anodes defined, 60. 
e area of, 145, 157. 
a arrangement of, 144, 148, 
3 connections, 142, 147. 
f diffusion at, 117. 
me galvano-plastic, 140. 


interstitial, 159. 

af iron, 140, 

,> lead, 139, 142. 

; secondary action at, 116. 

- Siemens-Halske, 139, 142. 

ie surface enlarged, effect of, 145, 
na textile fabric, 140. 

a transfer resistance at, 139. 


zine plate, 140. 
Cations and anions, 60. 
Cement, Portland, cost of, 248, 
Centrifugal pumps for slimes agitation, 230. 
Charcoal ash smelting, 155. 


9 cost of, 370. 
A precipitation, 154, 
cost of, 364. 


Chemical tests, 27-38. 
Chester, E. D., classification, Rand iuscrion, 
178. 

Chiddy, A., rate of dissolution results, 93. 
Chilian ball mill practice, 178. 
Christy, S. B., electro-motive series, 112. 

a oxygen and dissolution, 65. 

precipitation by charcoal, 154 
Cinnabar, cyanide action, 107. 
Circuit and connections, electrical, 147, 

s3 cost of, 354. 
Clancy continuous process, 233. 
Classification and double treatment dis- 
cussed, 181. 
New Zealand practice, 179. 
_ Rand practice, 178. 
West Australia, 242. 
Classifiers, hydraulic, 175- 180, 331-344, 
Clausius, dissociation of solutions, 59. 
Clean-up losses, 168. 
», and gold realisation, 370. 
a zinc box, 161. 
Clennell, J. E., on testing solutions, 28-29. 
Clennell, J. E., and J. Johnston, extractions 
with hot solutions, 89. 

Cocks, lubricant for, 294. 
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Cocks, packing for, 294. 

,, and pipes, arrangement of, 289. 

,, suitable for solutions, 294. 
Coefficient of absorption of oxygen, 96. 
- se and viscosity effect, 97. 
Coke, cost of, 363. 
Collecting vats, 171. 


ee distributors for, 277. 

s sizes of, 172. 

ee steel launder or trough, 259. 

5 timber launder or trough, 
253. 


P using, methods of, 173. 
Colloids, 208. 
Coloradoite, cyanide action, 107. 
Columns, for vat support, 266, 268. 
“ps re cost of, 349, 
a ties for, 269. 
‘4 weights of cast iron and steel, 
269, 348. 
Complex salts, electrolysis of, 116. 
Concentrates, treatment of, 199. 
by agitation and 
percolation com- 
pared, 200. 
raw and roasted, 
201. 
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Connections, hoop, 251. 
5, placed en échelon, 253. 
Contents of vats, table, 386-391. 
Conveyors, belt, capacity, 321. 
ee discharging, 320. 


i. dumping, 301. 
. practice recommended, 320. 
Y troughing methods, 318. 


in use, 185, 187, 189, 
Conveyors, elevating with, 185, 322, 
94 screw, push, etc., 322, 
Copper cathode on zine surface, unsuitable, 
113. 


», cyanide action, 81, 105. 
»»  pyrites, solubility, 81. 
,,  1n solutions, effect of, 133. 
sulphides, cyanide action, 81, 105. 
Coppery ore, cyaniding, 105, 373. 
Cost of cyanide plants, 345, 359. 
»,  Slimes decantation discussed, 223. 
», treatment, 360-381. 
Costs, detailed accounts, importance of, 361. 
», working, examples, 370-381. 
Couple, galvanic, electrolysis by, 118. 
,,  zinc-lead, in practice, 131. 
3 preparation, 131. 
Couples, galvanic, precipitation by, 110. 
rp suitable, 110, 113. 
Cowper- -Coles, 8., gold depositing, 136, 141. 
Crosse, A. F. vacid treatment of ore, 202, 
+ "alkaline sulphides, effect of, 69. 
us assay of solution, 27. 
Crosses, pipes and bends, 293. 
Crucibles, cost of, 363. 
a life of, 168. 
Crushing, ball mill, results, 193. 
9 to cyanide, 39- 44, 187, 241-248. 
» with cyanide solution, 197. 
drawbacks 
to, 199, 
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Crushing, to diminish slime, 43, 
A dry, cost of, 381, 


F », for cyaniding, 194. 

ir », With Gates crushers, 194. 

_ », with rolls, American practice, 
188. 

- », With stamps, 187. 

ne and wet, compared, 39, 187. 


Griffin mill, results, 193. 
4 gold losses in, 41. 
os plant considerations, 40. 
to slime, 44, 242. 
slime produced i in, 40. 
Current density, 123. 
oe », used in practice, 143, 151. 
» efficiency, to compare, 115, 137. 
», high density, 124, 152. 
», polarisation of, 119. 
», strengthening, effect of, 144. 
Cyanate, formation of, 75, 102. 
Cyanide, acids and salts, action, 102. 
,, alumina carries down, 159. 
ie amalgamation and, loss of gold, 
2. 
¥ antimony sulphide, action, 106. 
oe arsenic, action, 106. 
a », sulphides, action, 106. 
5, carbonic acid absorption by, 103. 
" compounds, action of various, 98. 
»» copper action, 81, 105. 
+f 5, sulphides, action, 81, 105. 
3 cost, average per ton ore, 361. 
»,  erushing to, 39-44, 187, 241-243. 
at decomposed by water, 102. 
», ferrous sulphate, action, 104, 
“s iron or steel, action, 108. 
_ “ sulphide, action, 104. 
re limonite, action, 105. 
o marcasite, action, 81, 104. 
es mercury, action, 107. 
Ay mispickel, action, 81, 106. 
Se ore constituents, action, 103. 
ne oxidation, 75, 102. 
ms plants, complete, 382. 
a », cost per ton capacity, 345. 
», process, applications of, 169. 
application, early, i in South 
Africa, 3. 
history of, early, 1-7. 
x », suggested first, 1. 
“ potassium zinc, dissolving action, 
98, 
»» pyrite, action, 81, 104. 
», Solutions, loss in dissolving power, 
- if maximum 
power, 79. 
af ss efficiency, 83. 
recovery in dissolving 
power, 72-76. 
solubility of metals and 
minerals in, 79. 
strong and weak, 77. 
” a9 ” fits physical 
effects, 79. 
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dissolving 


testing, 28. 
viscosity, effect of, 77. 


INDEX, 


Cyanide, sources of loss of, 102. 
o tellurides, action, 107. 
Cyanides, relative dissolving power, 98, 
ra stability of, 98. 
Cyaniding, reduction in cost, 360. 
i sized ore, 36. 
Cyanogen bromide, action of, 75. 
as an oxidiser, 74. 
practice, how used in, 
242, 
* solutions, no action on gold, 74. 
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Dams, tailings, treatment of products in, 169. 

Darling, G, A., early connection with cyanide 
process, 6. 

Deals, Baltic, cost of, 351. 

Decantation, extra, cost discussed, 229. 


* filter pressing and, compared, 
234, 
ea filtration and, combined, 228, 
of gold extracted by, 222, 228. 
= from slimes, 206, 222. 
t cost discussed, 228. 
tests, 26. 


Decanting apparatus, 292. 

i sizes of pipes, 293, 
Decomposition point, minimum, 122. 
Deebles vat for slime treatment, 231. 
Definition of slime, 24, 

Dehne, A. G. L., on uniformity of filtration, 
239, 
Dehne’s Excelsior filter, 240. 
,, filter press in W. Australia, 239. 
Density, current, and its effects, 123, 
aS me used in practice, 148, 151. 
a high current, affects deposit, 124, 
152, 


Depolarisation, 66. 
Depreciation charges, 372. 
Dessauer, A. von, electrode connection, 147. 
Diffusion at cathode, 117. 
» galvanic couple and, 119. 
», osmotic pressure and, 58. 
Diehl process in practice, 242. 
», working costs, 377. 
Direct treatment, 171, 174, 186. 
Discharge doors, 071-277. 
best position of, 273, 
Butters’, 275. 
cost of, 351. 
hinged, 277. 
starting discharge, 275. 
Dissociation, electrolytic, 59. 
Dissolution of gold physically considered, 
91-94. . 

in pyrites, 62. 
rate of, in practice, 92. 
and silver, 62. 
and silver in strong 

and weak solutions, 
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63. 
re hydrogen peroxide formed in, 66, 
ty of metals, influence of atmos- 


pheric changes, 65. 
ne stopped by hydrogen, 66. 
Dissolving efficiency of solutions, 83. 
ie gold and silver test, 32. 


395 
Dissolving investigations, 63. 
es metals, Nernst’s theory, 59. 
e power of solutions, lossin, 69-72. 


A power, potassium zinc cyanide, 98, 
relative, of cyanides, 98. 
of solutions, recovery of, 

72-76 

G test on sized ore, 35, 

Distributors for collecting vats, 277. 
s cost of, 351. 
Dixon, C., classification practice, 180, 
Dixon, W. A., allusion to cyanide process, 
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Doors, cost of, 356. 
», discharge—see Discharge. 
Double layer, electric, 60. 
Double-tier plants, 182, 384. 
Double treatment, American practice, 185. 
.; a discussed, 181. 
- Rand practice, 184. 
Draper, T. T., rotating drum filter, 233. 
Drawings, ete. for plant, cost of, 357. 
Dry crushed ore difficult to wet, 41, 
be », gold losses, 41. 
», hygroscopic, 41. 
“ 5, Weight controlled, 42, 
5, crushing, 187, 188, 191. 
Drying ore, 186. 
Durant, H. T., aeration of pulp, 218. 
Durham, W., on settlement with salts, 208. 


EDISON rolls for crushing to cyanide, 43. 
Efficiency, current, to compare, 115, 1387. 

- of strong and weak solutions, 83. 
Electric circuit and. connections, 147. 
Electrical precipitation, anode connection, 

284, 
apparatus, cost of, 
354, 
area of electrodes, 
146. 
boxes, construc- 
tion, 283. 
cost of, 353, 
379. 
dimensions, 
148. 
quantities of 
material in, 
284, 
Butters’ modifica- 
tion, 152. 
considerations, 136. 
cost of, 362. 
first employed, 1, 
4, 5. 
insulation, 284. 
switch arrange- 
ment, 149. 
Electro-chemical changes, dissolving, 64, 
‘ a precipitating, 114. 
nf: equivalents, 114. 
Be series, 110. 
ap »  Christy’s, 112. 
», vonOettingen’s, 111, 
Electro-motive force, 87, 109, 120, 
significance of, 121. 
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Electro-motive force, minimum of decomposi- 
tion, 122. 
Electrodes, jagged edges, use of, 122, 
- physical effect of, 122. 
5 relative sizes of, 124. 
velocity of solution at, 127. 
Electrolysis of complex salts, 116. 
e, laws of, 114. 
of simple salts, 115. 
Electrolytes, choice of, to settle slimes, 206. 


re efficiency to settle slimes, 211. 

. quantity to settle slimes, 207. 

me. on slimes, action of, 208. 

er why, cause slimes to settle, 
204. 


Electrolytic dissociation, 59. 
solution pressure, 59. 

Elevators for dry material, 322. 
Elsner’s equation, 64. 
Elutriation apparatus, 22. 
Engines and boilers, sizes of, 285. 

5, planes, 305. 
Estimate for complete plant, 357. 
Excavations, cost of, 346. 
Excavator, vat, 185, 
Extraction, maximum, 221. 

¥ theory of, 219. 


FEEDER for lime, 218. 
Feldtmann, W. R., Diehl process, cost of 
working, 377. 


a potassium zinc cyanide, 
action of, 99. 

a side discharge doors, 
Bil: 


Ferric sulphate, removal of, 202. 

Ferrous sulphate, action on cyanide, 104. 

Filter cloths, 271. 

effect on leaching, 51. 

“e ,, fixture in steel tanks, 259, 

,, frames, 269. 

» grating, 270. 

5, press, auxiliary, 240. 

cakes, drying with air, 243. 

“ »» sizes of, 238, 

capacity, 240, 243. 

oe », chamber, 237. 

cloths, fixing in, 237. 

construction, 239, 

cost of handling material with, 
367. 

», Dehne’s Excelsior, 240. 

feeding, 238. 

frame, 237. 

gold extracted by, 234. 

gold slimes treatment with, 163, 

montejus, 238. 

practice at Kalgurli, 243, 

a pressures used in, 239, 243, 

e presses, types of, 237- 240, 

5, pressing and decantation compared, 

234, 
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objections to, 235. 

and re-pulping, 236. 
slimes, methods of, 235. 
Filters, travelling, 233, 

Filtration and decantation combined, 228. 
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Flint or tube mills for fine grinding, 44, 192, 
242, 
Float, decanting, 292. 
Floor space in buildings, 296. 
Floors, concrete, cost of, 356, 
7. preparation of, 296. 
Fluxes, selection of, 167. 
3, for slime smelting, 155, 162-166. 
Foundations, masonry, 263. 
cost of, 347, 
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te quantities of material in, 262, 
265. 

A and supports for tanks, 
260-269. 

ee for temporary plants, 260. 


Fuel consumption for precipitation, 362. 
Re pumping, 364. 
Function of oxidisers, 64. 
Furman, H. van F., alkali consumption 
test, 29, 
Furnace practice in America, 189. 
Furnaces for zinc-gold slimes, 162, 165. 


GALENA cyanide action, 81, 108. 
a particles in water 
334-336. 
Galvanic couple and diffusion, 119. 
re ,, electrolysis by, 118. 
»» precipitation by, 109. 
Gases, solubility in liquids, 95, 103. 
Gates crushers for crushing to cyanide, 43, 
189, 194. 
General charges, 372. 
Gernet, A. von, on cathodes, discussed, 139. 
Gilmour and Young’ s process, 157, 
Girders and joists, steel, for vat support, 267. 
s x Pe cost of, 349, 
», quantities, 349. 
Gold and bullion in sludge, 152. 
5» deposit on iron cathodes, to remove, 
140, 160. 
}, dissolution, air absorbed, effect of, 65- 
68 


suspended, 


from plates, rate of, 91. 
in practice, rate of, 92, 94. 
physically considered, 91. 
from spheres, rate of, 91. 
Fe viscosity of pulp effect, 215. 
ef: extracted by decantations, 222, 228, 
fe ,, by filter pressing, 234, 
5, slimes refining, cost of, 370. 
“6 ,, treatment of, 161-168. 
», solubility in cyanide, 81-84. 
in heated solutions, 85-90. 
in mixed solutions, 99, 
Gold and silver, dissolution of, 62. 
dissolving test, 32. 
precipitation, 109. 
solubility in dilute solutions, 
83. 
soluble sulphides, action of, 
69. 
Gore’s adsorption experiments, 56, 
Goyder, G. A., potassium zine cyanide dis- 
solving action, 99. 
testing residues, 34, 
Gradients for tram lines, 303-305, 
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Gray, W. B., and charcoal precipitation, 154. 
% slimes treatment in Deeble’s 
vat, 231. 


Green’s, L. M., alkali test, 29. 
Griffin mills in West Australia, 191, 

os results tabulated, 193. 
Grips for rope haulage, 317. 


HAuN, allusion to cyanide process, 1. 
Handling material, 298-306. 
is cost of, 366. 
Harland, R. H., analysis of zine fume, 134. 
Hartley, A. H., zine-lead couple, 131. 
Haulage, animal, cost of, 368. 
. », rate of, 368. 
», around curves, 317. 
* cost of, 366. 
s. cost.of, 369. 
», for dumping, 301. 
», labour required, 368. 
», for large quantities, 299. 
»» power required, 305. 
», rope, cost of, 369. 
. ,, driving drum or wheel, 315. 
» Tropes and gear, 307, 317. 
for small quantities, 298. 
Helmholtz, electric double layer, 60. 
Hessian, cost of, 116. 
pee Sf Or filter cloths, 271. 
History, early, of cyanide process, 1-7, 
Hittorf on precipitation by secondary action, 
116. 


Hoop connections, 251. 
ey cost of, 351. 

Hoops, vat, cost of, 351. 

Fe sizes of, 247. 

3 spacing, 248-251. 

me », graphic method of, 249, 

- weight of, 255. 
Horse-power, electrical, estimating, 286. 

required, "285. 
Hunt, s. , muddy water, settling of, 208. 
Huntington mills as auxiliary cr ushers, 43. 
Huntly, D. B., on Pelatan-Clerici process, 
157. 

Hydrogen, concentration at cathode, 66, 119. 

s dissolution stopped by, 66. 

os occlusion, 122. 

pS oxidation of, 66. 

4 oxygen gas cell, 119. 

peroxide formation, 67. 

Hydrolysis by solid particles, 57. 
eo action, cyanide decomposed by, 


IMPURITIES in solutions, 99. 
affect precipitation, 
125. 
clean-up costs, 370. 
"dry crushing in America, 188. 
Investigations, dissolving, 63. 
preliminary, 8-38. 
Ions, nature of, 59. 
», simple and complex, electrolysed, 116. 
properties of, 61. 
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Ingalls, W. R., 


- valency, 61, 114, 
», velocity of metallic i ions, 117. 
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Iron anodes, 4, 138, 142. 
is », consumption of, 149, 
», arsenical, cyanide action, 106. 
,, cast, solubility, 81. 
,, cathodes, 140. 
to clean, 140. 
gold deposit, to remove, 140, 
160. 
,, charcoal, solubility, 81. 
» Go, Cost of, 356. 
», oxides, 81, 104, 115. 
,» pyrites, 63, 66, 71, 80, 81, 104. 
,, rust, solubility, 81. 
», Sheet, cost of, 363. 
,», solubility in cyanide, 81, 103. 
5, sulphates acted on by solutions, 105. 
», sulphidesacted on by solutions, 81, 104. 
Ee " oxidation, 104. 
», zinc boxes, 282, 354, 
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JACKLING, D. C., dry crushing in America, 
189. 
James, A., precipitation from foul solutions, 
130. 
Gilmour and Young’s process, 
Lay 
L., dry crushing 
America, 188. 
rate of percolation, 24, 
Jennings, H., direct treatment, 171, 174. 
Jennings, H., -and J. R. Williams, classifica- 
tion, 175. 
Johnson, E. H., acid treatment of gold 
slimes, 163. 
cost of, 370. 
J ohnson, E. H., ‘and W. A. Caldecott, man- 
ganese dioxide flux, 164. 
Johnson, 8. H., & Co. °s filter press plates, 240. 
Johnson, 8. H., and H. L. Sulman’s filter 
pressing method, 236. 
Johnston, J., and J. E. Clennell, hot solu- 
tion experiments, 89, 
Joints, pipe, material for making, 293. 
Joists, rolled, weight of, 268, 348. 
», Steel, and girders, 267. 
a a cost of, 349. 
a timber, under vats, 255. 
Jones, H. C., ‘and J. M, Douglas on ionisa- 
tion and temperature, 85. 
Julian, H. F., galvano-plastic cathodes, 140, 


Janin, jr., practice in 


ve oxidisers, 73. 

3 precipitation by aluminium, 
158, 

3 simple cell precipitation pro- 
cess, 159. 


textile fabric cathode, 140. 


KALGURLI cyanide practice, 191, 241, 243. 
a working costs, 374, 377. 

Kelly, J., double-tier plant design, 384, 

Knutsen, Ore Diehl process, 242. 

Krupp-Grusonwerk ball mills, 44. 


LABORATORY, testing, 14. 
Labour, for erecting engines and boilers, 
cost of, 354. 


” + excavating, cost of, 346. 
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Labour, for filter press treatment, cost of, 
367. 

a », handling material, cost of, 366. 

< masons’, cost of, 348, 

+ for rope haulage, cost of, 369. 
erecting steel vats, cost of, 356. 
erecting timber vats, cost of, 

350. 
,, treatment, cost of, 365. 
Lathes for zine cutting, 129. 
Launders for collecting vats, 253, 259. 

», construction of, 2965, 

,, dimensions of, 294. 

», grade of, 295. 

Leaching, bad,.causes of, 51, 52. 

# high pressure, 51, 

fee moisture retained after, 25, 

re and percolation, 48-57. 

ie pipes, arrangement of, 290, 

. plant, testing, 14, 

* sized particles, 176. 

? slime, effect of, on, 54. 

<5 >, » Lumps, 169, 

ce with vacuum in N, Zealand, 187. 

‘ee vats, sizes of, 245. 
Lead-bullion treatment, 166. 
a cost of, 371. 
e cathode, 139, 142. 
ie ee consumption, 149, 
,, foil cathode, cost of, 363. 
5» peroxide anodes, 4, 138. 
», solubility, 81. 
», Spongy cathodes, 122, 
in zinc-box slimes, treatment of, 164. 
Leggett, eH’, cold slimes treatment, 163, 
a working costs in California, 377. 
Lime in amalgamation, importance of, 211, 
,, asacoagulant, 207, 211. 
», consumption test, 31. 
,, cost of, 348, 
», feeding, 213. 
-,, as neutralising agent, 31. 
,, for settling slimes, experiments, 207, 
»» secondary uses, 211. 
Limonite, cyanide action, 105. 
Linder, 8. E., and H. Picton, nature of 
adsorbed substances, 56. 
Linkenbach on spitzkasten, 341. 
Litharge, cost of, 363. 
Lodge, R. W., concentrates treatment, 199. 
Loevy, J., alkaline sulphides, effect of, 69. 
- analysis of slimes, 204. 
Loram, 8S. H., ball mill crushing in Chili, 
190. 
Losses in cleaning-up, 168. 
,, gold, in crushing, 41. 
Lowles, J. I., charcoal ash smelting, cost of, 
364, 370. 
_ precipitation by charcoal, 155. 
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MacArruur, J. S., oxygen and gold dis- 
solution, 65. 
ea ~ zinc-lead couple, 123, 
131. 
MacArthur, J. S., and C, J. Ellis, desul- 
phurising solutions, 73. 
MacArthur- Forrest patents, 4, 5. 
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| MacArthur-Forrest process, success recog- 


nised, 6. 
MacBride, G. T. M., gold slimes refining, 
cost of, 371. 
M‘Connell, J., concentrates treatment, 200, 
crushing with solution, 197, 
Maclaurin, J.S., gold ‘and silver dissolving, 


79, 81 
- oxygen absorption coefli- 
cients, 96. 
a : effect on dissolu- 
tion, 64. 
- viscosity, effect on solu- 
tion, 77. 


M‘Neill, W., filter press ‘capacity, 240. 
Mactear, J. , jointing tank staves, 253. 
Magenan, W., handling material, cost of, 


367. 
53 sluicing out vats, cost of, 366. 
oe - working costs, 378, 


Magnesia as a coagulant, 211. 

» asa neutralising agent, 31. 
Magnesium cyanide dissolving power, 98, 
Maintenance and repairs, 370. 

Malachite renders cyaniding unprofitable, 
106. 

Management of works, 365. 

Managers and shiftmen, wages, 365. 

Manganese dioxide, smelting with, 164, 


‘Marcasite, cyanide ‘action, $1, 104. 
Masonry, ‘cost of, 347, 3.48, 


‘ foundations, 263, 265, 347. 
x quantities in plants, 347. 
= vats, 260. 
Material, handling, 298-306. 
» cost of, 366. 
Materials, prices of, 351. 
Matting, coir, cost of, 351. 
Maximum dissolution temperatures, 89, 
Maxwell, F., smelting data, 165. 
Measurement, tonnage, 45. 
Mechanical tests, 18, 
Mercury cathodes, 4, 141, 157, 
»  eyanide action, 107. 
», asa desulphuriser, 108. 
Merrill, C. W., handling tailings, 299, 
Metals and minerals, electro-motive series, 
1145 113 
ak solubility, ratio of, 
80. 
Microscopic examination of ore, 18, 39. 
Minas Prietas works, precipitation results, 
150. 
Minerals and metals, action with cyanide, 
103-108, 
a af mes ratio of, 
Mispickel, cyanide action, BI, 106. 
is ore treated by agitation, 37. 
Mixed solutions, effect of, 99-101. 
Moistening dry crushed ore, machine for, 


Moisture retained, air globules, increase, 50. 
after leaching, 49, 125. 

: ‘ pressure effect, 50. 

2 slime effect, 50. 
temperature effect, 50. 
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Moldenhauer, C., oxidiser, 73. 
ee process, 158, 
Molloy’s process, 158. 

Montejus capacity required, 239, 
»» for feeding filter press, 141, 238, 


Nernsv’s dissolution theory, 59. 
Neutralising acid test, 29. 
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», drying, 186. 
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+f - solubility, 86. 
», MacArthur, J. 8., on effects of, 65. 
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Pipe carriers and supports, 293. 
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Pipes and cocks, arrangement of, 289, 
», cost of, 356. 
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», leaching, 290. 
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arrangement of, 
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construction of, 
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rate of, in practice, 
147 


Siemens and Halske 
results, 143. 

A by electricity first used, 1, 4, 5. 

sr by electrolytic methods, 109. 
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Presses, filter, capacity of, 240, 243. 
s slime treatment by, 234-243, 
Pressure, atmospheric, and moisture retained 
in ore, 50. 
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», Oxidisers in thick, action of, 217, 
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», viscosity of, affects dissolution, 215. 
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discussed, 309. 
Pee ye actor of safety, 313, 
Ropes, breaking stress, 307. 
», and gear for haulage, 307-317. 
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Slimes, treatment by filter pressing, 234. 
vacuum filter for, 227. 
Sludge, gold i in, 152. 
- production, 149, 
Sluicing, discharging vats by, 228. 
a Be cost of, 366. 
Smart, E., and C. Butters on sizes of 
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Smelting gold slimes, 162-168, 
5, operations, 167. 
5, precautions in, 167. 
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», caustic, cost of, 363. 
Sodium amalgam as a precipitant, 3, 158. 
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,, sulphide and zinc precipitation, 126. 
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angle of walls, 342. 
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of modification, 192. 
orifice and counter pressure, 342. 
rules for design, 341. 
Spitzlutte, action of, 177. 
‘ with adjustable V, 340, 
angle of walls, 341. 
construction of, 343, 
: design of, and practical considera- 
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and theoretical con- 
siderations, 331-337. 
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+ modified, 341. 
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= material'i in, 301, 
Stamps and ball mills compared, 191. 
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Standard silver nitrate solution, 28. 
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Stetefeldt, G. A., on lixiviation, 6. 
Stirrer gear for agitator vat, 280. 
Stone, building, cost of, 348, 
Stores, 169. 
Stress, bending, in ropes, 308-312, 
», breaking, of ropes, 307. 
,, working, of ropes, 307. 
Strontium cyanide, dissolving power, 98. 
Sulman, H. L., and zinc fume, 134. 
Sulman and Teed on bromo-cyanogen, 74. 
settling slime with soap. 
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Sulphide ore, fine grinding, 242, 
a ,, treatment at Kalgurli, 2413 
», sodium, and fall in zinc potential, 
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Sulphides, alkaline, effect on dissolution, 69. 
re ys silver, 69, 72, 
op soluble, removal of, 73. 
»  andzine precipitation, 125. 
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a “4 - cost of, 
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»» iron or steel for vats, cost of, 348. 
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Tavener, P. S., classification, Rand practice, 
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a double treatment practice, 
184. 
3 gold slimes, cost of treating, 
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3 ~ method of treat- 
ing, 165. 
=~ lime feeder, 213. 
x slimes treatment at Bonanza 


mine, 229, 
Telluride ore, treatment by Diehl process, 
242, 
at Kalgurli, 241. 
Tellurides, cyanide action, 107. 
Tellurium compounds as reducers, 107. 
Temperature effects and dissolution, 85. 
», moisture after 
leaching, 50. 
», slimes settlement, 
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re influence on dissolution of 
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ms me in practice, 88. 

at and polarisation effect, 87. 

“ and solution decomposition, 88. 
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»,» mechanical, 18. 
Testing cyanide solutions, 28. 
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Testing laboratory, 14. 
Texture of ore and leaching, 49. 
Thiosulphites, effect of, on dissolution, 100. 
Thoulet, M. J., on air held by solid par- 
ticles, 57. 
on settling with salts, 209. 
Tie rods for columns, 269, 
», tor roofs, 296. 
Timber, cost of, 351, 356, 
», for roofs, sizes of, 296, 
Tonnage measurement, 45. 
Tracks, cost of, 355, 
Tractive force, 303. 
equalising, 304. 
Tram lines, cost of, 355. 
2 rails, gauge, 301. 
ee) 5,4 daying, 302. 
», weight of, 303. 
Treatment, direct, 17 ie 174, 186. 
and dry crushing, 186- 
196. 
on double, 181-185. 
“6! »,  1n three vats, 182. 
6 », size of vats, 245. 
- multiple, in America, 184. 
if reduction in cost of, 360. 
Trestle staging over vats, 300. 
me cost of, 356. 
Tripper for discharging belt conveyors, 320. 
Trucks, shovelling into, cost of, 366. 
», side tipping, cost of, 355, 
3 sizes of, 302. 
i and tram lines, 301-306. 
Truscott, 8. J., working costs at Kalgurli, 
374. 
Truss, roof, details, 383. 
Tube, discharging, 275. 
», or grit mills for sliming, 44, 192, 242. 
Tucker, W. A., on treating concentrates, 
199. 
Turntables, cost of, 355. 
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Unit, solution working, 83. 
United States working costs, 377 


VacuvM to assist percolation, effect of, 51. 
», filter in slimes treatment, 227. 
», leaching with, in New Zealand, 187. 
Valency, 61, 114. 
Valves, packing for, 294. 
», solution, 294. 
Vasculose, action in solution, 103. 
Vat agitator, 280. 
»» capacity, how determined, 244. 
yyy ~~stable, 386-391. 
,», collecting, distributor, 277. 
», discharge doors, best position, 273. 
discharging, 301. 
7 vf to start, 275. 
», excavator, 185, 
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,}, final settlement, 228. 
», foundations, masonry quantities, 265, 
347. 
a i. and supports, 260-269. 
», Shape, most economical, 246. 
», pier, iron, 265, 266. 
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Vat pier, masonry, cost of, 348. Viscosity of pulp and dissolution, 215. 
ae * for double-tier, 264 a », solution, effect, 77, 97. 
pe. re quantities, 347. Volume of ore in different states, 49, 
a, A for single-tier, 263. 
1999 timber, 261. , Wacons or trucks, sizes of, 302. 
199 », _ cost of, 347. Wanliss and Julian’s process, 3. 
», Slime, stirring gear, 280. Water, action on cyanide, 102. 
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” 29 ” 2? cost of, 349. ” ore, 45, 
” 99 99 9 quantities, rs solution, 47. 
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” ” joists and girders for, 267. Wheeler pans for fine grinding, 241. 
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349. White, N. F., rolls and ball mills, 194. 
’ ” 99 », quantities, on working costs, 380. 
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” ” for temporary plants, 260. Whitney and Ober on adsorbed substances, 
9 9 29 2» cost of, 56. 
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262, 347. duced by, 230. 
», tunnel, masonry lined, 262. BS classification, 176. 
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Vats, collecting, 171. treatment, 381. 
» ” how used, 173, HP rate of precipitation, 147. 
‘9 » masonry, 174. 5 secondary uses of lime, 
53 sizes, 172, 211. 
s5 design and construction of, 256-280. Winches, sizes of, 299, 805. 
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», large, recommended, 245. Winkler’s oxygen solubilities, 85. 
», Masonry, 252, 260. Witwatersrand, sand and slime proportion, 
», pressures in, 247. 205. 
», Shovelling from, cost of, 366. working costs, 360. 
», slime, sizes of, 245. Wurtz suggestion, 1. 


», Sluicing from, cost of, 366. 
», staging over, 300. 


i material in, 301. YarEs, J., on precipitating by zinc, 129. 
», steel, caulking and jointing, 258. 
» » collecting, 259. Zinc blende, cyanide action, 108, 
yo Fe launder or trough, ,, box, 128. 
259, » 9 Charging, 132. 
» oo ~—so@recting, 258, +> 9 Clean-up, 161, 283. 
So" Sr me cost of, 353. 3» 3; for laboratory, 15. 
Sey labour, 258, 4» 99 Operations, 132. 
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» 93. +joints, how arranged, 257. 


slimes treatment, 161. 
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With a Section on American and Continental Engines. 
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will at once rank as THE STANDARD WORK UPON THIS IMPORTANT SUBJECT.” —Ratlway Magazine, 


In Large 8vo. Handsome Cloth. With Plates and /llustrations. 16s. 


LiGHT RAILWAYS 
AT HOME AND ABROAD. 
By WILLIAM HENRY COLE, M.Inst.0.E,, 


Late Deputy-Manager, North-Western Railway, India. 


Contents.—Discussion of the Term ‘‘ Light Railways.”—English Railways, 
Rates, and Farmers.— Light Railways in Belgium, France, Italy, other 
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PART IV.—Pump Valves. 


‘*Mn. Hursts VALVES and VALVE-GEARING will prove a very valuable aid, and tend to the 
production of Engines of SCIENTIFIC DESIGN and ECONOMICAL WORKING. . . . Will be largely 
sought after by Students and Designers.” —Marine Engineer. 

‘+ Almost EVERY TYPE Of VALVE and its gearing is clearly set forth, and illustrated in 
such a way a8 to be READILY UNDERSTOOD and PRACTICALLY APPLIED by either the Engineer, 
Draughtsman, or Student. . . . Should prove both useruL and VALUABLE to all Engineers 
seeking for RELIABLE and CLEAR information on the subject. Its moderate price brings it 
within the reach of all.”—Jndusiries and Iron. 


Hints on Steam Engine Design and Construction. By CHARLES 
Horst, ‘‘Author of Valves and Valve Gearing.” Srconp EpiT1on, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
ls. 6d. net. 


Contrents.—I. Steam Pipes.—II. Valves.—IIl. Cylinders.—IV. Air Pumps and Con- 
densers.—V. Motion Work.—VI. Crank Shafts and Pedestals.—VII. Valve Gear.—VIII. 
Lubrication.—IX. Miscellaneous Details —InpEx. 

‘A handy volume which every practical young engineer should possess.”’—Zhe Model 
Engineer, 


Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 


BONUS TABLES: 


For Caleulating Wages on the Bonus or Premium Systems. 
For Engineering, Technical and Allied Trades. 


By HENRY A. GOLDING, A.M.Inst.M.E., 


Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.C. 
‘‘Cannot fail to prove practically serviceable to those for whom they have been 
designed.” —Scotsman. 


SEconpD EDITION, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN’S ELECTRICAL PRICE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. DowsIne. 


“The ELECTRICAL PriczE-BooK REMOVES ALL MYSTERY about the cost of Electrical 
Power. By its aid the ExPENsE that will be entailed by utilising electricity on a large or 
small scale can be discovered.”— Architect. 
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SHorTLY. SkEconp Epition. Large 8vo, Handsome Cloth. With 
Illustrations, Tables, &c. 


Lubrication & Lubricants: 


A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 


AND ON THE 
NATURE, PROPERTIES, AND TESTING OF LUBRICANTS, 
By LEONARD ARCHBUTT, F.LC., F.O.S., 


Chemist to the Midland Railway Company, 
AND 


R. MOUNTFORD DEELEY, M.I.Mecu.E., F.G.S., 


Chief Locomotive Superintendent, Midland Railway Company. 


ContTENTS.—I. Friction of Solids.—II. Liquid Friction or Viscosity, and Plastic 
Friction.—III. Superficial Tension.—IV. The Theory of Lubrication.—VY. Lubricants, 
their Sources, Preparation, and Properties.—VI. Physical Properties and Methods of 
Examination of Lubricants.—VII. Chemical Properties and Methods of Examination 
of Lubricants.—VIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.—IX. The Mechanical Testing of Lubricants.—X. The Design and Lubrication 
of Bearings.—XI. The Lubrication of Machinery.—INDEX. 

‘* Destined to become a CLASSIO on the subject.” —IJndustries and Iron. 

‘‘Contains practically ALL THAT IS KNOWN on the subject. Deserves the careful 
attention of all Engineers.”— Railway Oficial Guide. 


FourtH Eprrion. Very fully Illustrated, Cloth, 4s. 6d. 


STEAM - BOILERS: 


THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION, 


By “Ree DVM Nee 
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company. 


GENERAL CONTENTS.—I. ExpLosions caused (1) by Overheating of Plates—(2) By 
Defective and Overloaded Safety Valves—(3) By Corrosion, Internal or External—(4) By 
Defective Design and Construction (Unsupported Flue Tubes; Unstrengthened Manholes ; 
Defective Staying; Strength of Rivetted Joints; Factor of Safety)—II. ConsTRUCTION OF 
VERTICAL BoiLers: Shells—Crown Plates and Uptake Tubes—Man-Holes, Mud-Holes, 
and Fire-Holes— Fireboxes — Mountings — Management — Cleaning— ‘Table of Bursting 
Pressures of Steel Boilers—Table of Rivetted Joints—Specifications and Drawings of 
Lancashire Boiler for Working Pressures (@) 80 lbs. ; (4) 200 lbs. per square inch respectively. 


‘* A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and aLways AT HAND.”—Codl/. Guardian. 

‘* The book is VERY USEFUL, especially to steam users, artisans, and young Engineers.” — 
Engineer. 


BY THE SAME AUTHOR, 


KITCHEN BOILER EXPLOSIONS: Why 


they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price «3s, 
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Ln Crown 8vo, Handsome Cloth. With Numerous 
Lltustrations. 55. net. 


EMERY GRINDING MACHINERY. 


A Text-Book of Workshop Practice in General Tool Grinding, 
and the Design, Construction, ana Application 
of the Machines Emoloyed. 


BY 
R. B. HODGSON, A.M.Inst.MeEcu.E., 


Author of ‘‘ Machines and Tools Employed in the Working of Sheet Metals.” 

INTRODUCTION.—Tool Grinding.—Emery Wheels.—Mounting Emery Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working.— 
Leading Types of Machines.—Concave and Convex Grinding.—Cup and Cone 
Machines. — Multiple Grinding. — ‘‘Guest” Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder, -- Press. —Tool Grinding. — Lathe 
Centre Grinder.— Polishing.—INDEXx. 

Deals practically with every phase of his subject.” —/roumonger 

**Eminently practical . . . cannot fail to attract the notice of the users of this class o¢ 

machinery, and to meet with careful perusal.” —Chem. Trade Journad. 


SIXTH EDITION. Folio, strongly half-bound, 21s. 


TRAVERSE TABLES: 


Computed to Four Places of Decimals for every Minute 
of Angle up to 100 of Distance. 


For the use of Surveyors and Engineers. 


BY 


RICHARD LLOYD GURDEN, 


Authorised Surveyor for the Governments of New South Wales and 
Victoria, 


*" Published with the Concurrence of the Surveyors-General for New South 
Wales and Victoria. 


** Those who have experience in exact SURVEY-wORK will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this BY REFERENCE TO BUT ONE TABLE, in place of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance FEW KNOWING OF THEIR PUBLICATION WILL REMAIN WITHOUT THEM.” 

—LEngineer. 
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WORKS BY 
ANDREW JAMIESON, M.INsT.C.E., M.LE.E., F.R.S.E,, 


Formerly Professor of Electrical Engineering, The Glasgow and West of Scotland 
Technical College. 


PROFESSOR JAMIESON’S ADVANCED TEXT-BOOKS. 
ln Large Crown 8vo. Fully [lustrated. 


STEAM AND STEAM-ENGINES, INCLUDING TURBINES 
AND BOILERS. For the Use of Students preparing for Competitive 
Examinations. With over 700 pp., over 350 Illustrations, 10 Folding 
Plates, and very numerous Examination Papers. FOURTEENTH EDITION. 
Revised throughout. Ios. 6d. 

** Professor Jamieson fascinates the reader by his CLEARNESS OF CONCEPTION AND 

SIMPLICITY OF EXPRESSION. His treatment recails the lecturing of Faraday.”—A ¢hena@um. 

‘* The Best Book yet published for the use of Students.” —Exgineer. 


MAGNETISM AND ELECTRICITY. For Advanced and 
‘* Honours” Students. By Prof. Jamieson, assisted by David Robertson, 
B.Sc., Professor of Electrical Engineering in the Merchant Venturers’ 
Technical College, Bristol. [| Shorily. 


APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Vol. I.—Comprising Part I., with 540 pages, 300 Illustrations, and 
540 Examination Questions: The Principle of Work and its applica- 
tions; Part II.: Friction; Gearing, &c. FIFTH EDITION. 8s. 6d. 
‘*FULLY MAINTAINS the reputation of the Author.”—Pvact. Engineer. 

Vol. II.—Comprising Parts III. to VI., with 608 pages, 371 Illus- 
trations, and copious Examination Questions: Motion and Energy; 
Graphic Statics; Strength of Materials; Hydraulics and Hydraulic 
Machinery. FoURTH EDITION. I2s. 6d. 


‘*WELL AND LUCIDLY WRITTEN.”—The Engineer. 
*,* Each of the above volumes is complete in itself, and sold separately. 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS 


Crown 8v0. With Illustrations and Examination Papers. 


STEAM AND THE STEAM-ENGINE (Elementary 
Manual of). For First-Year Students. TENTH EDITION, Revised. 3/6. 
‘* Should be in the hands of EvERY engineering apprentice.”"—Pvractical Engineer. 


MAGNETISM AND ELECTRICITY (Elementary Manual 


of). For First-Year Students. SixTH EDITION. 3/6. 
‘* A CAPITAL TEXT-BOOK . . . The diagrams are an important feature.” —Schoolmaster. 
‘* A THOROUGHLY TRUSTWORTHY Text-book. PracTIcAL and clear.”—WNature. 


APPLIED MECHANICS (Elementary Manual of). 
Specially arranged for First-Year Students. SIXTH EDITION, 
Revised and Greatly Enlarged. 3/6. 

_ **The work has VERY HIGH QUALITIES, which may be condensed into the one word 

*CLEAR.’”—Science and Art, 


IN PREPARATION. 300 fages. Crown 8vo. Profusely Lilustrated, 


NIODERN ELECTRIC TRAMWAY TRACTION: 


A Text-Book of Present-Day Practice. 


For the Use of Electrical Engineering Students and those interested in Electric 
Transmission of Power. 


By Pror. ANDREW JAMIESON. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 
For the Use of Electricians and Engineers. ._By JOHN MUNRO, C.E., 
and Prof. JAMIESON. Pocket Size. Leather, 8s. 6d. SEVENTEENTH 
EDITION. [See p. 48. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


ENGINEERING AND MECHANICS. 35 


WORKS BY 


W. d, MACQUORN RANKINE, OLD, FRS., 


Late Regius Professor of Civil Engineering in the University of Glasgow. 


THOROUGHLY REVISED BY 


We oJ. Meld b-AeR,.. C.E., 


Late Secretary to the Institute of Engineers and Shipbuilders in Scotland. 


A MANUAL OF APPLIED MECHANICS : 


Oomprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagrams. 
Crown 8vo, cloth. SEVENTEENTH EDITION. 12s. 6d. 


A MANUAL OF CIVIL ENGINEERING: 


Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbours, &c. With Numerous Tables and Illustrations. Crown 8vo. 
cloth. Twrnty-Seconp EpitTion. 16s. 


A MANUAL OF MACHINERY AND MILLWORK : 


Oomprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts, 
Crown 8vo, cloth, SrventTH Epition. 12s. 6d. 


A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 
With a Section on Gas, OrL, and Arr ENGINES, by Bryan DonkKIN, 


M.Inst.C.E. With Folding Plates and Numerous Illustrations. 
Crown 8vo, cloth. FirreentH Epition. 12s. 6d. 
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PROF. RANKINE’S WORKS—(Continued), 
USEFUL RULES AND TABLES: 


For Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders, 
Surveyors, &. With ArpEnprx for the use of ELECTRICAL ENGINEERS, 
By Professor JAMIESON, F.R.S.E. SrventH Eprtron. 10s. 6d. 


A MECHANICAL TEXT-BOOK: 


A Practical and Simple Introduction to the Study of Mechanics. By 
Professor RANKINE and E. F. BampBer, C.E. With Numerous I]lus- 
trations. Crown 8vo, cloth. FirtH EDITION. Qs. 


*,.* The ‘‘ MEcHANICAL TExT-BooK” was designed by Professor RANKINE as an INTRO- 
DUCTION to the above Series of Manuals. 


MISCELLANEOUS SCIENTIFIC PAPERS. 
Royal 8vo, Cloth, 31s. 6d. 


Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations, Part III. Papers on Wave-Forms, Propulsion of Vessels, &c. 


With Memoir by Professor Tart, M.A. Edited by W. J. Mixzar, O.E. 
With fine Portrait on Steel, Plates, and Diagrams. 
*‘ No more enduring Memorial of Professor Rankine could be devised than the publica- 
tion of these papers in an accessible form. . . . The Collection is most valuable on 
account of the nature of his discoveries, and the beauty and completeness of his analysis 


: The Volume exceeds in importance any work in the same department published 
in our time.” —A rchitect. 


SHELTON-BEY (W. Vincent, Foreman to the 


Imperial Ottoman Gun Factories, Constantinople) : 


THE MECHANIC’S GUIDE: A Hand-Book for Engineers and 
Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Second Edition, Crown 8vo, Cloth, 7/6. 
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THIRD EDITION, Thoroughly Revised and Enlarged. With 60 Plates ana 
Numerous Lilustrations. Handsome Cloth. 34s. 


HYDRAU LIC POWER 
HYDRAULIC ‘MACHINERY. 


HENRY ROBINSON, Ve Core, Giron 


FELLOW OF KING'S COLLEGE, LONDON; PROF. EMERITUS OF CIVIL ENGINEERING, 
KING'S COLLEGE, ETC., ETC. 


ConTENTs — Discharge through Orifices.—Flow of Water through Pipes.—Accumulators. 
—Presses and Lifts.—Hoists.—Rams.—Hydraulic Engines.—Pumping Engines.—Capstans. 
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines.—Cranes.—Coal Discharging Machines.— Drills and 
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels .and Turbines. —Shields. — Various Systems and Power Installations — 
Meters, &c.— INDEX. 


*“The standard work on the application of water power.” —Cassier’'s Magazine. 


JUST OUT. Second Edition, Greatly Enlarged. With Frontispiece, 
several Plates, and over 250 Illustrations. 21s. net. 


THE PRINCIPLES AND CONSTRUCTION OF 


PUMPING MACHINERY 


(STEAM AND WATER PRESSURE), 


With Practical Illustrations of ENeiInES and Pumps applied to MIntIne@, 
Town WATER Suppiy, DrarnaceE of Lands, &c., also Economy 
and Efficiency Trials of Pumping Machinery. 


Bou HAN «DAV Ey: 


Member of the Institution of Civil Engineers, Member of the Institution of 
Mechanical Engineers, F.G.S., &c. 


ConTENTs —Early History of Pumping Engines—Steam Pumping Engines— 
Pumps and Pump Valves—General Principles of Non-Rotative Pumping 
Engines—The Cornish Engine, Simple and Compound—Types of Mining 
Engines—Pit Work—Shaft Sinking—Hydraulic Transmission of Power in 
Mines— Valve Gears of Pumping Engines—Water Pressure Pumping Engines 
—Water Works Engines—Pumping Engine Economy and Trials of Pumping 
Machinery — Centrifugal and other Low-Lift Pumps— Hydraulic Rams, 
Pumping Mains, &c.—INDEX. 

“By the ‘one English Engineer who probably knows more about Pumping Machinery 
than ANY OTHER. . . . A VOLUME RECORDING THE RESULTS OF LONG EXPERIENCE AND 


stupy.”’—The Engiueer. ; ‘ 
‘Undoubtedly THE BEST AND MOST PRACTICAL TREATISE On Pumping Machinery THAT HAS 


YET BEEN PUBLISHED.” —Mining Journal. 
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Royal 8v0. Handsome Cloth. With numerous Illustrations and Tables. 25s. 


THE STABILITY OF SHIPS, 


SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 


€NIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 
AUSTRIA ; MEDJIDIE OF TURKEY; AND RISING SUN OF JAPAN; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 


In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barness, Mr. Gray, 
M. Resco, M. Daymarp, and Mr. Benjamin, are all given separately, illustrated by 
Tables and worked-out examples. The book contains more than 200 Diagrams, and is 
illustrated by a large number of actual cases, derived from ships of all descriptions. 

** Sir EpwarD REED’s ‘ STABILITY OF SHIPS’ is INVALUABLE. The NAVAL ARCHITECT 
will find brought togetner and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to cbtain at all elsewhere.” —Szeamship. 


THE DESIGN AND CONSTRUCTION OF SHIPS. By Joun 
HARVARD BILes, M.INstT.N.A., Professor of Naval Architecture in the 
University of Glasgow. [ln Preparation. 


THIRD EDITION. [Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. 18s. net. 


STEEL.S HIPs 
THEIR. CONSTRUCTION AND MAINTENANCE. 


A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 


By THOMAS WALTON, Nava. ARCHITECT, 


AUTHOR OF ‘‘KNOW YOUR OWN SHIPs” 3 


ConTENTS.—I. Manufacture of Cast Iron, Wrought Iron, and Steel.—Com- 
osition of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of 
Rteel Ships. III. Considerations in making choice of Type of Vessel.—Framin 
of Ships. IV. Strains experienced by Ships.—Methods of Computing ead 
Comparing Strengths of Ships. V. Construction of Ships.—Alternative Modes 
of Construction.—Types of Vessels.—Turret, Self Trimming, and Trunk 
Steamers, &c.—Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments, VII. Maintenance.—Prevention of Deterioration in the Hulls of 
Ships. —Cement, Paint, &c.—INDEx. 

**So thorough and well written is every chapter in the book that it is difficult to select 
any of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of great va!ue to those for whom it is intended.”—The Engineer. 
® Mr, Walton has written for the profession of which he is an ornament. His work 
will be read and appreciated, no doubt, by every M.I.N.A., and with great benefit by the 
majority of them.’—Journal of Commerce. 


UNIFORM WITH THE ABOVE. 
THE PRINCIPLES AND PRACTICE OF 


DOCK ENGINEERING, 
By BRYSSON CUNNINGHAM, B.E., M.Inst.C.E. 
See p. 27. 
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GRIFFIN’S NAUTICAL SERIES, 


Epitrrep By EDW. BLACKMORE, 


Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A. ; 
AND WRITTEN, MAINLY, by SAILORS for SAILORS. 


“THIS ADMIRABLE SERIES.”—F airplay. ‘*A VERY USEFUL SERIES.”—Nature. 


‘The volumes of MESSRS. GRIFFIN’S NAUTICAL SERIES may well and profitably be 
read by ALL interested in our NATIONAL MARITIME PROGRESS.”—Marine Engineer. 


‘EVERY SHIP should have the WHOLE SERIES as a REFERENCE LIBRARY. HAND- 
SOMELY BOUND, CLEARLY PRINTED and ILLUSTRATED.”—Liverpool Journ. of Commerce. 


The British Mereantile Marine: An Historical Sketch of its Rise 
and Development. By the EDITOR, CAPT. BLACKMORE. 33s. 6d. 
‘*Captain Blackmore’s SPLENDID BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU- 
ABLE to the sea captain that have EVER been COMPILED.” —Merchant Service Review. 


Elementary Seamanship. By D. Witson-BarKer, Master Mariner, 
F.R.S.E., F.R.G.S. With numerous Plates, two in Colours, and Frontispiece. 
FourtH EDITION, Thoroughly Revised. With additional Illustrations. 6s. 
‘‘This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, Of the ‘ Worcester, seems 
to us PERFECTLY DESIGNED.’ —Atheneewum. 


Know Your Own Ship: A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By THOS. WALTON, Naval Architect. 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. EIGHTH EDITION. 7s. 6d. 

‘*MR. WALTON’S book will be found VERY USEFUL.” —The Engineer. 


Navigation: Theoretical and Practical. By D. Witson-BaRKER 
and WILLIAM ALLINGHAM. SECOND EDITION, Revised. 3s. 6d. 
‘“PRECISELY the kind of work required for the New Certificates of competency. 

Candidates will find it INVALUABLE.”—Dundee Advertiser. 


Marine Meteorology: For Officers of the Merchant Navy. By 
WILLIAM ALLINGHAM, First Class Honours, Navigation, Science and Art Department. 
Pee Illustrations, Maps, and Diagrams, and facsimile reproduction of log page. 

s. 6d. 
**Quite the BEST PUBLICATION on this subject.”—Shipping Gazette. 


Latitude and Longitude: How to find them. By W. J. Mrtzar, 
C.E. SECOND EDITION, Revised. 2s. 
‘Cannot but prove an acquisition to those studying Navigation.”—Marine Engineer. 


Practical Mechanics: Applied to the requirements of the Sailor. 
By THOS. MACKENZIE, Master Mariner, F.R.A.S. SECOND EDITION, Revised. 3s. 6d. 
“WELL WORTH the money . . . EXCEEDINGLY HELPFUL.”—Shipping World. 


Trigonometry : For the Young Sailor, &. By Ricu. C. Buox, of the 
anes N aptical Training College, H.M.S. ‘‘ Worcester.” SECOND EDITION, Revised. 
rice 3s. 6d. 
**This EMINENTLY PRACTICAL and reliable volume.”—Schoolmaster. 


Practical Algebra. By Ricu. C. Buck. Companion Volume to the 
above, for Sailors and others. Price 3s. 6d. i 
‘It is JUST THE BOOK for the young sailor mindful of progress. —Nautical Magazine. 


The Legal Duties of Shipmasters. By Brenrepicr Wm. GINSBURG, 
M.A., LL.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. SECOND 
EDITION, Thoroughly Revised and Enlarged. Price 4s. 6d. 

‘Ss INVALUABLE to masters. . . . Wecan fully recommend it.”—Shipping Gazette. 


A Medieal and Surgical Help for Shipmasters. Including First 
Aid at Sea. By WM. JOHNSON SMITH, F.R.C.S., Principal Medical Officer, Seamen’s 
Hospital, Greenwich. THIRD EDITION, Thoroughly Revised. 6s. 

“SOUND, JUDICIOUS, REALLY HELPFUL.”—The Lancet. 
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GRIFFIN’S NAUTICAL SERIES. 


Introductory Volume. Price 3s. 6d. 


British Mercantile Marine. 


By EDWARD BLACKMORE, 


MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND; EDITOR OF GRIFFIN’S **‘NAUTICAL SERIES,” 

GENERAL CONTENTS.—HISTORICAL: From Early Times to 1486—Prcogress 
ander Henry VIII.—To Death of Mary—During Elizabeth’s Reign—Up to 
the Reign of William III.—The 18th and 19th Centuries—Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade—Shipping Legislation, 1862 to 1875—‘‘ Locksley Hall” Case— 
Shipmasters’ Societies—Loading of Ships—Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. THz PERSONNEL: Shipowners—Officers—Mariners— 
Duties and Present Position. Epucation: A Seaman’s Education: what it 
should be—Present Means of Education—Hints. DiscrPpLinzE anp Douty— 
Postscript—The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 


‘“‘INTERESTING and INSTRUCTIVE . . . may be read WITH PROFIT and ENJOYMENT.’ — 
Glasgow Herald. 

‘EVERY BRANOH Of the subject is dealt with in a way which shows that the writer 
‘knows the ropes’ familiarly.” —Scotsman. 

‘““This ADMIRABLE book . . . TEEMS with useful information—Should be in the 
hands of every Sailor.”— Western Morning News. 


FourtH Epition, Thoroughly Revised. With Additional 
Illustrations. Price 6s. 


A MANUOALZL OF 


ELEMENTARY SEAMANSHIP, 


Y 


D, WILSON-BARKER, MasteR MARINER; F.R.S.E., F.R.G.S., &0., &o. 
YOUNGER BROTHER OF THE TRINITY HOUSE, 


With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 
in the Text. 


GENERAL ContTENTS.—The Building of a Ship; Parts of Hull, Masts, 
&c.—Ropes, Knots, Splicing, &c.— Gear, Lead and Log, &. — Rigging, 
Anchors — Sailmaking — The Sails, &c.— Handling of Boats under Sail — 
Signals and Signalling—Rule of the Road—Keeping and Relieving Watch— 
Points of Etiquette—Glossary of Sea Terms and Phrases—Index. 


*,* The volume contains the NEW RULES OF THE ROAD. 


“This ADMIRABLE MANUAL, by Capt. WiLson-BARKER of the ‘ Worcester,’ seems to us 
PERFECTLY DESIGNED, and holds its place excellently in ‘Grirrin’s NAUTICAL SERIES.’ . . . 
Although intended for those who are to become Officers of the Merchant Navy, it will be 
found useful by ALL YACHTSMEN. ”’"—Athenzum. 


*,* For complete List of Grirrin’s NAUTICAL SERIES, see p. 39, 
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GRIFFIN’S NAUTICAL SERIES. 


SeconD Epition, Aevised and Illustrated. Price 3s. 6d. 


Ngee Lia APL OrN?: 


PRACTICAL AND THEORETICAL. 
By DAVID WILSON-BARKER, R.N.R., F.R.S.E., &o., &c., 


AND 


WILLIAM ALLINGHAM, 


FIRST-CLASS HONOURS, NAVIGATION, SCIENCE AND ART DEPARTMENT. 


Wiith Humerous Fllustrations and Examination Questions, 


GENERAL CoNTENTS.—Definitions—Latitude and Longitude—Instruments 
of Navigation—Correction of Courses—Plane Sailing—Traverse Sailing—Day’s 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator’s Chart— 
Mercator Sailing—Current Sailing—Position by Bearings—Great Circle Sailing 
rep eee eons. appendix; Compass Error—Numerous Useful Hints. 

c.—Index. 


‘* PRECISELY the kind of work required for the New Certificates of competency in grades 


from Second Mate toextra Master. . . . Candidates will find it INVALUABLE.” —Dundee 
Advertiser. 
‘*A QAPITAL LITTLE BOOK .. . specially adapted to the New Examinations. The 


Authors are Oapr. WiLson-BARKER (Captain-Superintendent of the Nautical College, H.M.S. 
‘ Worcester,’ who has had great experience in the highest problems of Navigation), and 
Mr, ALLINGHAY, a well-known writer on the Science of Navigation and Nautical Astronomy,” 
—Shipping World. 


Handsome Cloth. Fully Illustrated. Price 7s. 6d. 


MARINE METEOROLOGY, 


FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 


Joint Author of ‘‘ Navigation, Theoretical and Practical.” 


With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book, 


SUMMARY OF CONTENTS. 


INTRODUCTORY.—Instruments Used at Sea for Meteorological Purposes.—Meteoro- 
Jogical Log-Books.—Atmospheric Pressure.—Air Temperatures.—Sea Temperatures.— 
Winds.—Wind force Scales.—History of the Law of Storms.—Hurricanes, Seasons, and 
Storm Tracks.—Solution of the Cyclone Problem.—Ocean Currents.—Icebergs.—Syn- 
chronous Charts.—Dew, Mists, Fogs, and Haze.—Clouds.—Rain, Snow, and Hail.— 
Mirage, Rainbows, Coronas, Halos, and Meteors.—Lightning, Corposants, and Auroras.— 
-QUESTIONS.—APPENDIX.—INDEX. 

“Quite the BEST publication, AND certainly the MOST INTERESTING, on this subject ever 
presented to Nautical men.”—Shipping Gazette. 


*,” For Complete List of Grirrin’s NAUTICAL SERIES, see p. 39, 
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a2 CHAKLES GRIFFIN & CO.'S PUBLICATIONS. 


GRIFFIN’S NAUTICAL SERIES. 


Srconp EpITIon, REvisED. With Numerous Illustrations. Price 3s. 6d. 


Practical Mechanics: 


Applied to the Requirements of the Sailor. 
By THOS. MACKENZIE, 


Master Mariner, F.R.A.S. 


GENERAL ConTents.—Resolution and Composition of Forces—Work done 
by Machines and Living Agents—The Mechanical Powers: The Lever; 
Derricks as Bent Levers—The Wheel and Axle: Windlass ; Ship’s Capstan ; 
Crab Winch—Tackles: the ‘‘Old Man”—The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir—Derricks and Shears---Calculation of the 
Cross-breaking Strain of Fir Spar—Centre of Effort of Sails—Hydrostatics : 
the Diving-bell; Stability of Floating Bodies ; the Ship’s Pump, &c. 

‘* THIS EXCELLENT BOOK . . . contains a LARGE AMOUNT of information.” 
—WNature. : 

‘* WELL WORTH the money . . . will be found EXCEEDINGLY HELPFUL.”— 
Shipping World. 

** No Surps’ OFFICERS’ BOOKCASE will henceforth be complete without 
CAPTAIN MAcKENZzIz’s ‘ PracticaAL Mrcuanics.’ Notwithstanding my many 

ears’ experience at sea, it has told me how much more there is to acquire,”— 


Letter to the Publishers from a Master Mariner). ‘ 
**T must express my thanks to you for the labour and care you have take 
in ‘PRacTICAL MECHANICS.’ . . . IT IS A LIFE’S EXPERIENCE. 


What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c.! ‘PracTricAL MECHANICS’ WOULD SAVE ALL 
THIS.”—(Letter to the Author from another Master Mariner). 


WORKS BY RICHARD C. BUCK, 


of the Thames Nautical Training College, H.M.S. ‘ Worcester.’ 


A Manual of Trigonometry : 


With Diagrams, Examples, and Exercises. Price 8s. 6d. 
Sreconp Epition, Revised and Corrected. 


*.* Mr. Buck’s Text-Book has been SPECIALLY PREPARED with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

“This EMINENTLY PRACTICAL and RELIABLE VOLUME.’’—Schoolmaster, 


A Manual of Algebra. 


Designed to meet the Requirements of Sailors and others. Price 8s. 6d. 


*,* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for ‘‘sELF 
HELP.” All but the simplest explanations have, therefore, been avoided, and ANSWERS te 
the Exercises are given. Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly ~ 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the ‘‘ Worcester.” ‘ 

“Clearly arranged, and well got up. . . A first-rate Elementary Algebra. ~ 
Nautical Magazine. 
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GRIFFIN’S NAUTICAL SERIES, 


SEconpD Epirion, Thoroughly Revised and Extended. In Crown 8vo. 
Handsome Cloth. Price 4s. 6d. 


THE LEGAL DUTIES OF SHIPMASTERS. 


BENEDICT WM. GINSBURG, M.A., LL.D. (Canvas), 


Of the Inner Temple and Northern Circuit; Barrister-at-Law. 


General Contents.—The Qualification for the Position of Shipmaster—The Con- 
tract with the Shipowner—The Master’s Duty in respect of the Crew: Engagement ; 
Apprentices; Discipline; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge—The Master’s Duty in respect of the Passengers—The Master’s 
Financial Responsibilities—The Master’s Duty in respect of the Cargo—The Master’s 
Duty in Case of Casualty—The Master’s Duty to certain Public Authorities—The 
Master’s Duty in relation to Pilots, Signals, Flags, and Light Dues—The Master’s Duty 
upon Arrival at the Port of Discharge—Appendices relative to certain Legal Matters: 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, &c., &c.—Copious Index. 


‘*No intelligent Master should fail to add this to his list of necessary books, A few lines 
of it may SAVE A LAWYER'S FEE, BESIDES ENDLESS WORRY.” —Liverpool Journal of Commerce, 

‘*SENSIBLE, Plainly written, in CLEAR and NON-TECHNICAL LANGUAGE, and will be found of 
‘MUCH SERVICE by the Shipmaster.”— British Trade Review. 


Sxconp Epition, Revised. With Diagrams. Price 2s, 


Latitude and Longitude: 


How to Find them. 
By OW, ‘Jt MILLAR, C.F, 


Late Secretary to the Inst. of Engineers and Shipbuilders in Scotland. 


** CONCISELY and CLEARLY WRITTEN . . . cannot but prove an acquisition 
‘to those studying Navigation.”— Marine Engineer. 
“¥ ill find i d 9 
oung Seamen will find it HANDY and USEFUL, SIMPLE and CLEAR.”—The 
Engineer. 


FIRST AID AT SEA. 


TurtrRD Epition, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 


A MEDICAL AND SURGICAL HELP 


FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 


BY : 
WM. JOHNSON SMITH, F.ROS., 
Principal Medical Officer, Seamen’s Hospital, Greenwich. 


*,* The attention of all interested in our Merchant Navy is requested to this exceedingly 
useful and valuable work. It is needless to say that it is the outcome of many years 
PRACTICAL EXPERIENCE amongst Seamen. 

‘“ SOUND, JUDICIOUS, REALLY HELPFUL.” —The Lancet. 


*,” For Complete List of Grirrin’s NAUTICAL SERIES, see p. 39. 
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GRIFFIN’S NAUTICAL SERIES. 


EicutxH Epition, Revised, with Chapters on Trim, Buoyancy, and Calcula- 
tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s. 6d. 


KNOW YOUR OWN SHIP. 
By THOMAS WALTON, Navat ArcHiITECcT. 


Specially arranged to suit the requirements of Ships’ Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 

This work explains, in a simple manner, such important subjects as :—Displacement. 
—Deadweight.— Tonnage.— Freeboard.— Moments.— Buoyancy.— Strain.— Structure.— 
Stability.—Rolling.—Ballasting.—Loading.—Shifting Cargoes.—-Admission of Water.— 
Sail Area.—&c. 

“The little book will be found EXCEEDINGLY HANDY by most officers and officials connected 
with shipping. Mr. Walton’s work will obtain LASTING ad because of its unique 
fitness for Nea for whom it has been written.’ ’—Shipping World 


BY THE SAME AUTHOR. 


Steel Ships: Their Construction and Maintenance. 


(See page 38.) 


FIFTEENTH Epirion, Thoroughly Revised, Greatly Hnlarged, and Reset 
Throughout. Large 8vo, Cloth. pp. i-xxiv+708. With 280 Iilustra- 
tions, reduced from Working Drawings, and 8 Plates. 21s. net. 


A MANUAL OF 


MARINE ENGINEERING: 


COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 


‘By A. E. SEATON, M.I.C.E., M.I.Mech.E., M.I.N.A. 


GENERAL CoNTENTS.— Part I.—Principles of Marine Propulsion. 
Part II.—Principles of Steam Engineering. Part III.— Details of 
Marine Engines: Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.—Propellers. Part V.—Boilers. 
Part IV.—Miscellaneous. 


“The Student, Draughtsman, and Engineer will find this work the MOST VALUABLE 
HaNnDBOOK of Reference on the Marine Engine now in existence.””—Marine Engineer. 


EicHTH Ep1TI0n, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d. 
A POCKET-BOOK OF 


MARINE ENGINEERING RULES AND TABLES, 


FOR THE USE OF 


Marine Engineers, Naval Arehitects, Designers, Draughtsmen, 
Superintendents and Others. 


By A. E. SEATON, M.I.0.E., M.I.Mech.E., M.I.N.A., 


AND 


H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A. 


‘* ADMIRABLY FULFILS its purpose.”—Marvine Engineer. 
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WORKS BY PROF. ROBERT H. SMITH, Assoc.M.I.C.E., 


M.LM.E., M.LELE,, M.I.Min.E., Whit. Sch., M.Ord. Meiji. 


THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 


Applied to Technical Problems. 
WITH EXTENSIVE 


CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH. 


ASSISTED BY 


R. F. MUIRHEAD, M.A, B.Sc, 


Formerly Olark Fellow of Glasgow University, and Lecturer on Mathematics at 
Mason College. 
In Crown 8vo, extra, with Diagrams and Folding-Piate. 8s. 6d. 


‘’ Prox. R. H, SmitH’s book will be serviceable in rendering a hard road AS RASY AS PRACTIC= 
4BL¥F for the non-mathematical Student and Engineer.”—Athenewm. 


* Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
in abundance. THE VERY COMPLETE CLASSIFIED REFERENCE TABLE will prove very useful in 
saving the time of those who want an integral in a hurry.”—The Engineer. 


MEASUREMENT CONVERSIONS 
(English and French): 


28 GRAPHIC TABLES OR DIAGRAMS. 


Showing at a glance the Mutua ConvVERSION of MEASUREMENTS 
in DIFFERENT UNITS 


Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &c. 


For the use of Engineers, Surveyors, Architects, and Contractors. 


In 4to, Boards. 7s. 6d. 


* * Prof. SM1ITH’s CONVERSION-TABLES form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
considered complete without them. 


he work is INVALUABLE.’ —Colliery Guardian. 


“Ought to be in EVERY office where even occasional conversions are required. . . . Prof. 
SmitH’s TABLES form very EXCELLENT CHECKS on results.”—Electrical Review. 

‘* Prof. Smith deserves the hearty thanks, not only of the ENGINEER, but of the COMMERCIAL 
Wok Lb, for having smoothed the way for the ADopTIoN of the Mrerric System of MEASUBREMEN®, 
a subject which is now assuming great importance as a factor in maintaining our HOLD upon 
FORBIGN TRADE.”—The Machinery Market. 
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SEconD Epition. In Large 8vo. Handsome Cloth. 


CHEMISTRY FOR ENGINEERS. 


BERTRAM BLOUNT, ann A. G. BLOXAM, 
F.1.C., F.0.8., A.1.C.E., F.1.C., F.C.8., 
Consulting Chemist to the Crown Agents for Consulting Chemist, Head of the Chemistry 
the Colonies. Dever euiA. SSebmeee t Inst., 
ew Cross. 


GENERAL CONTENTS.—Introduction—Chemistry of the Chief Materials 
of Construction—Sources of Energy—Chemistry of Steam-raising—Chemis- 
try of Lubrication and Lubricants—Metallurgical Processes useé in the 
Winning and Manufacture of Metals. 

‘‘The authors have SUCCEEDED beyond all expectation, and have produced a work which 
should give FRESH POWER to the Engineer and Manufacturer.” —The Times. 
“PRACTICAL THROUGHOUT ... &D ADMIRABLE TEXT-BOOK, useful not only to Students, 


rp to ENGINEERS and MANAGERS OF WORKS in PREVENTING WASTE and IMPROVING PROCESSES. ’— 
cotsman. 


For Companion Volume by the same Authors, see ‘‘ CHEMISTRY 
FOR MANUFACTURERS,” p. 71. 


Pocket Size, Leather Limp, with Gilt Edges and Rounded Corners, printed on Special 
Thin Paper, with Illustrations, pp. i-xii-+ 834. Price 18s. net. 


(THE NEW *“* NYSTROM ”) 


THE MECHANICAL ENCINEER’S REFERENCE BOOK 
A Handbook of Tables, Formulas and Methods for Engineers, 
Students and Draughtsmen. 


By HENRY HARRISON SUPLEE, B.Sc., M.E. 


Tables, Formulas, and Reference Data for Mechanical Engineers, comprising machine 
design and information relating to the drawing office and the designing department; 
ntended as a successor to the well-known Pocket-Book written many years ago by the 
late Jony W. Nystrom.—Puoblisher's’ Note. 


Works BY WALTER R. BROWNE, M.A., M.INST.G.E., 


Late Fellow of Trinity College, Cambridge. 
THE STUDENT’S MECHANICS: 
An Introduction to the Study of Force and Motion. 
With Diagrams. Crown 8vo, Cloth, 4s. 6d. 


“Clear in style and practical in method, ‘THz StupENT’s MECHANICS’ is cordially to be 
recommended from all points of view.” —A theneum. 


FOUNDATIONS OF MECHANICS, 


Papers reprinted from the Zxzgixeer, In Crown 8vo, Is, 


Demy 8vo, with Numerous Illustrations, gs. 


FUEL AND WATER: 


A Manual for Users of Steam and Water. 


By Pror, FRANZ SCHWACKHOFER oF VIENNA, AND 
WALTER R. BROWNE, M.A., C.E. 


GENERAL CoNTENTS.—Heat and Combustion—Fuel, Varieties of—Firing Arrange- 
ments: Furnace, Flues, Chimney—The Boiler, Choice of -— Varieties — Feed-water 
Heaters—Steam Pipes—Water : Composition, Purification—Prevention of Scale, &c., &c. 

‘*The Section on Heat is one of the best and most lucid ever written.” —Zugineer. 

‘* Cannot fail to be valuable to thousands using steam power.” —Ratlway Engineer. 
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GRIFFIN’S LOCAL GOVERNMENT HANDBOOKS. 


WORKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINEERS, 
ANALYSTS, AND OTHERS. 


See also Davies’ Hygiene, p. 99, and MacLeod’s Calculations, p. 110. 
Gas Manufacture (The Chemistry of). A Handbook on the Pro- 


duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. BUTTERFIELD, M.A., F.1.C., F.C.S. With Illustrations. THIRD 
EDITION, Revised. Vol. 1I., 7s. 6d. net. Vol. II., in preparation. [See page 77 


Water Supply: A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. With Four Plates and Numerous Diagrams. Crown 8vo. 8s. 6d. net. 

[See page 77. 


Central Electrical Stations: Their Design, Organisation, and Manage- 
ment. By C. H. WORDINGHAM, A.K.C., M.I.C.E. SECOND EDITION. 24s. net. [See p. 48. 


Sewage Disposal Works: A Guide to the Construction of Works for 
the Prevention of the Pollution by Sewage of Rivers and Estuaries. By W. SANTO 
CrimP, M.Inst.C.H., F.G.8. SECOND EDITION, Revised and Enlarged. Large 8vo, 
Handsome Cloth. With 37 Plates. Price 30s. [See page 76. 


Trades’ Waste: Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers’ Pollution. By W. NAyutor, F.C.S., A.M.Inst.C.E. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76. 


Caleareous Cements: Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By GILBERT REDGRAVE, Assoc.Inst.C.E., 
and CHAS. SPACKMAN, F.C.S. With Llustrations, Analytical Data, and Appendices 
on Costs, &c. 15s. net. [See page 76. 


Road Making and Maintenance: A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice. 
By THOMAS AITKEN, Assoc.M.Inst.C.E., M. Assoc. Municipal and County Eners.; 

M. San. Inst. With numerous Plates, Diagrams, and Illustrations. 21s. 
[See page 79 


Light Railways at Home and Abroad. By Wixt1am Henry Coxy, 
M.Inst.C.E., late Deputy Manager, North-Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 30. 


Practical Sanitation: A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By GEO. REID, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix on Sanitary Law, by Herbert Manley, M.A., M.B., 
D.P.H. TWELFTH EDITION, Thoroughly Revised. 6s. [See page 78. 


Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By FRANCIS Woop, A.M.Inst.C.H., F.G.S., Borough 
Surveyor, Fulham. Fully Illustrated. 8s. 6d. net. [See page 78. 


Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop RICHMOND, F.C.S., Chemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, &c. Handsome Cloth, 16s. [See page 73. 


Milk: Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By EDWARD F. 
WILLOUGHBY, M.D. (Lond.), D.P.H. (Lond. and Camb.), Inspector of Farms and 
General Scientific Adviser to Welford & Sons, Ltd. 6s. net. [See page 73. 


Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. AINSWORTH MITCHELL, B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74. 


Foods: Their Composition and Analysis. By A. Wynter Biyts, 
M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M. W BLYTH, 
B.A., B.Sc. With Tables, Folding Plate, and Frontispiece. FIFTH EDITION, 
Thoroughly Revised. 21s. [See page 72. 
‘AN ADMIRABLE DIGEST of the most recent state of knowledge.”—Chemical News. 
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ELECTRICAL ENGINEERING. 


SECOND EpiTIon, Revised. In Large 8v0. Handsome Cloth. Profusely 
Lilustrated with Plates, Diagrams, and Figures. 24s. net. 


CENTRAL ELECTRICAL STATIONS: 


Their Design, Organisation, and Management. 


By CHAS. H. WORDINGHAM, A.K.C., M.INst.C.E., M.INsTt. MEcH.E., 
Late Memb. of Council Inst. E.E., and Electrical Engineer to the City of Manchester ; 
Electrical Engineer-in-Chief to the Admiralty. 


ABRIDGED CONTENTS. 

Introductory.—Central Station Work as a Profession.—As an Investment.—The Estab- 
lishment of a Central Station —Systems of Supply.—Site.— Architecture.—Plant.—Boilers — 
Systems of Draught and Waste Heat Economy.—Coal Handling, Weighing, and Storing.— 
The Transmission of Steam. — Generators. — Condensing Appliances. — Switching Gear, 
Instruments, and Connections.—Distributing Mains.—Insulation, Resistance, and Cost.— 
Distributing) Networks.— Service Mains and Feeders.— Testing Mains.— Meters and 
Appliances.—Standardising and Testing Laboratory.—Secondary Batteries.—Street Light- 
ing. — Cost. — General Organisation. — Mains Department. — Installation Department. — 
Standardising Department.— Drawing Office. —Clerical Department.— The Consumer.— 
Routine and Main Laying.—INDEx. 

**One of the MoST VALUABLE CONTRIBUTIONS to Central Station literature we have had 
for some time.” — Electricity. 


In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net. 


BLECTRICITY CONTROL, 


A Treatise on Eleetriec Switchgear and Systems of Electric Transmission. 
By LEONARD ANDREWS, 


Associate Member of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c. ya 

General Principles of Switchgear Design.—Constructional Details.—Circuit Breakers or 
Arc, Interrupting Devices.—Automatically Operated Circuit- Breakers.— Alternating Keverse 
Current Devices. — Arrangement of ’Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems.—Examples of Complete 
Installations. —Long Distance Transmission Schemes. 

‘“Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject.” —Power. 


SEVENTEENTH EDITION, Thoroughly Revised and Enlarged. 8s. 6d. 


A POCKET-BOOK 
KLECTRICAL RULES & TABLES 


FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
By JOHN MUNRO, C.E., & Pror. JAMIESON, M.Inst.C.E., F.R.S.B, 
With Numerous Diagrams, Pocket Size. Leather, 8s. 6d. 
GENERAL CONTENTS. 


Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables.—Telegraphy.—Electro-Chemistry.—Electro-Metallurgy.— Batteries. Dynamos and 
Motors.—Transformers.—Electric Lighting.—Miscellaneous.—Logarithms.—Appendices. 

‘WONDERFULLY PerRFECT. . . . Worthy of the highest commendation we can 
give it.”— Electrician. 

“The STERLING VALUE of Messrs. Munro and JAMIESON’s PocKET-Book.”-- 
Electrical Review. 
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At Press. In Handsome Cloth. Profusely Illustrated. 


WIRELESS TELEGRAPHY, 


BY 
Dr. GUSTAVE EICHHORN. 

ConTeEnts.—Oscillations.—Closed Oscillation Systems.—Open Oscillation 
Systems. —Coupled Systems.—The Coupling Compensating the Aerial Wire.— 
The Receiver.—Comparative Measurement in the Sender. —Theoretical Results 
and Calculations in respect of Sender and Receiver.—Closely-Coupled Sender 
and Receiver.—Loose-Coupled Sender and Receiver.—Principal Formulxe.— 
The Ondameter.— Working a Wireless Telegraph Station.—Modern Apparatus 
and Methods of Working.— Conclusion. —Bibliography.—INDEXx. 


In Active PREPARATION. Large 8vo, Handsome Cloth. 
Fully Illustrated. 


ELECTRICITY METERS, 


BY 
Eben. ¢Ge a S.O T:,0 MON: 


ContTENTS. — Introductory. —General Principles of Continuous - Current 
Meters.—Continuous-Current Quantity Meters.—Continuous-Energy Motor 
Meters.— Different T'ypes.—Special Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meters.—General Principles of Single- and Polyphase Induc- 
tion Meters.—Single-phase Induction Meters.— Polyphase Meters.— Tariff 
Systems.—Prepayment Meters.—Tariff and Hour Meters.—Some Mechanical 
Features in Meter Design.—Testing Meters.—INDEXx. 


ELECTRICAL PRACTICE IN COLLIERIES. 
By D. BURNS, M.E., M.Inst.M.E. 
(See page 58.) 


GRIFFIN’S ELECTRICAL PRICE-BOOK. 
Epirep spy H. J. DOWSING. 
(See page 31.) 


MODERN ELECTRIC TRAMWAY TRACTION. 
By Proressorn ANDREW JAMIESON. 
(See page 34.) 


LONDON: GHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 


40 CHARLES GRIFFIN & 00.’S PUBLICATIONS. 


By PROFESSORS J. H. POYNTING & J. J. THOMSON. 
In Five Volumes. Large 8vo. Sold Separately. 


A TEXT-BOOK OF PHYSICS. 


J. H. POYNTING, J. J. THOMSON, 
8C.D., F.B.8., AND M.A.y F.B.S.y 
Gate Fellow of Trinity College, Cambridge; Fellow of Trinity College, Cambridge; Prof 
Professor of Physics, Birmingham of Experimental Physics in the University 
University. of Cambridge. 


INTRODUCTORY VoLUME, fully Illustrated. THrrp Eprrion, 
Revised. Shortly. 


PROPERTIES OF MATTER. 


ConTENTS. — Gravitation.— The Acceleration of Gravity. — Elasticity.— Stresses and 
Strains.—Torsion.—Bending of Rods.—Spiral Springs.— Collision.— Compressibility of 
Liquids.—Pressures and Volumes of Gases.—Thermal Effects Accompanying Strain.— 
Capillarity.—Surface Tension.—Laplace’s Theory of Capiliarity.—Diffusion of Liquids — 
Diffusion of Gases.— Viscosity of Liquids.—INpEx. 

‘* Students of physics cannot fail to derive benefit from the book.”— Knowledge. 

** We regard this book as quite indispensable not merely to teachers but to physicists 0 ever 
grade above the lowest.”— University Correspondent. 


VouumME II. Tuirp Eprrion. Fully Illustrated. Price 8s. 6d. 


S$ OUN D. 


OonTENTS.—The Nature of Sound and its chief Characteristics, —The Velocity of Sound 
in Air and other Media.—Reflection and Refraction of Sound.—Frequency and Pitch of 
Notes,—Resonance and Forced Oscillations.—Analysis of Vibrations,—The Transverse 
Vibrations of Stretched Strings or Wires.—-Pipes and other Air Cavities.—Rods.—Plates. 
—Membranes,—Vibrations maintained by Heat.—-Sensitive Flames and Jets.—Musical 
Sand,—The Superposition of Waves,— Inprx, 


,*Thework . . . maybe recommended to anyone desirous of possessing an EASY, 
UP-TO-DATE STANDARD TREATISE on Acoustics.”—Literature. 
‘*Very clearly written. . . . The names of the authors are a guarantee of the 


SOIENTIFIC ACCURACY and UP-TO DATE CHARACTER of the work.’ Educational Times. 


Just Our. VouumeE III. Fully Illustrated. Price 15s. 


HEA T. 


CONTENTS. — Temperature. —Expansion of Solids. — Liquids. — Gases. — Circulation 
and Convection.—Quantity of Heat; Specific Heat.—Conductivity.—Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.—The Kinetic Theory.—Change of State; 
Liquid Vapour.— Critical Points.—Solids and Liquids. — Atmospheric Conditions. — 
Radiation.—Theory of Exchanges.—Radiation and Temperature.—Thermodynamics.— 
Isothermal and Adiabatic Changes.—Thermodynamics of Changes of State, and Solu- 
tions.—Thermodynamics of Radiation.—INDEX. 


Remaining Volumes in Preparation— 


LIGHT; MAGNETISM AND ELECTRICITY. 


THE MEAN DENSITY OF THE EARTH: An Essay to which the 


Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
POYNTING, Sc.D., F.R.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations in 
the Text, and Seven Lithographed Plates. 12s. 6d. 

** An account of this subject cannot fail to be of GREAT and GENERAL INTEREST to the scientific 
mind. Especially is this the case when the account is given by one who has contributed so 
considerably as has Prof. Poynting to our present state of knowledge with respect to a very 
aineal subject. . . . Remarkably has Newton’s estimate been verified by Prof. Poynting.”— 
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Cyanide Process, . 
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Electric Smelting, . 
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Physical Geology and Paleontology, 


ON THE BASIS OF PHILLIPS. 
BY 


HARRY 4GONV LER (3 EOE Ge vee 


PROFESSOR OF GEOGRAPHY IN KING’S COLLEGE, LONDON, 


With Frontispiece in Chromo=Litbograpby, and Fllustrations, 

*¢ Tt is impossible to praise too highly the research which PROFESSOR SEELEY’S 
‘PHYSICAL GEOLOGY’ evidences, IT IS FAR MORE THAN A TEXT-BOOK—it is 
a DIRECTORY to the Student in prosecuting his researches.” —Presidential Ad- 
dress to the Geological Society, 1885, by Rev. Prof. Bonney, D.Sc., LL.D., F.R.S, 

** PROFESSOR SEELEY maintains in his ‘PHysicaL GEOLOGY’ the high 
reputation he already deservedly bears as a Teacher.” — Dr. Henry Wooda- 
ward, F.R.S., in the ‘* Geological Magazine.” 

‘** PROFESSOR SEELEY’S work includes one of the most satisfactory Treatises 
on Lithology in the English language.”—American Journal of Engineering. 


Demy S&vo, Handsome cloth, 34s. 


Stratigraphical Geology & Paleontology, 


ON THE BASIS OF PHILLIPS. 
BY 


ROBERT,.ETHERID GE geo 


OF THE NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PALAIONTOLOGIST TO THE 
GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THE 
GEOLOGICAL SOCIETY, ETC. 


With Map, Humerous Tables, and Thirty=six Plates, 


‘* No such compendium of geological knowledge has ever been brought together before.” — 
Westminster Review. 


“If Pror. SEELEY’s volume was remarkable for its originality and the breadth of its views, 
Mr. ETHERIDGE fully justifies the assertion made in his preface that his book differs in con- 
struction and detail from any known manual. . . . Must take HIGH RANK AMONG WORKS 
OF REFERENCE.” —A theneum. 


OPEN-AIR STUDIES IN GEOLOGY: 


An Introduction to Geology Out-of-doors. 
By PROFESSOR GRENVILLE COLE, M.R.LA., F.G.S. 
For details, see Griffin’s Introductory Science Series, p. 85. 


| LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


4 


METEOROLOGY AND GHOLOGY. 53 


Crown 8vo. Handsome Cloth. 2s. 6d. 
RESEARCHES ON THE PAST AND PRESENT HISTORY 


O 


THE EARTH’S ATMOSPHERE. 


Ineluding the latest Discoveries and their Practical Applications. 
By DR. THOMAS LAMB PHIPSON. 


PART I.—THE EARTH’S ATMOSPHERE IN REMOTE GEOLOGICAL PERIODS, 
PART II.—THE ATMOSPHERE OF OUR PRESENT PERIOD, 
APPENDICES; INDEX. 


*.* Dr. Phipson’s work presents, amidst much which is of interest to the 
Scientist and the General Reader alike, a short véswmé of his discovery of the 
origin of Atmospheric Oxygen, the existence of which he attributes wholly to 
the action of Solar Radiation upon vegetable life. The book will be found 
replete with much that is new, curious, and interesting, both in connection with 
Weather Lore, and with Scientific Meteorology.— Publishers Note. 


‘The book should prove of interest to general readers, as well as to meteorologists 
and other students of science.” —Nature. 


By GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 


Professor of Geology in the Royal College of Science for Ireland, and Examiner in the 
University of London. 


See also the two following pages (54, 55), and page 85. 


AIDS IN 
PRACTICAL GHROLOGY: 


WITH A SECTION ON PALHONTOLOGY. 
By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 


FOURTH EDITION, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth, ros. 6d, 


GENERAL CONTENTS.— 


PART I1.—SAMPLING OF THE EARTH’S CRUST. 
PART II.—EXAMINATION OF MINERALS, 
PART IIIL—EXAMINATION OF ROCKS, 

PART IV.—EXAMINATION OF FOSSILS. 


** Prof. Cole treats of the examination of minerals and rocks in a way that has never 
been attempted before . . . DESERVING OF THE HIGHEST PRAISE. Here indeed are 
‘ Aids’ INNUMERABLE and INVALUABLE. All the directions are given with the utmost clear- 
ness and precision.” —A theneum. 

**That the work deserves its title, that it is full of ‘Arps,’ and in the highest degree 
‘PRACTICAL,’ will be the verdict of all who use it.”—Wazure. 

‘* This EXCELLENT MANUAL .. . willbe AVERY GREATHELP. . . . The section 
on the Examination of Fossils is probably the BEST of its kind yet published. . . . FuLu 
of well-digested information from the newest sources and from personal research.”—Axznals 
of Nat. History. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


54 CHARLES GRIFFIN & COZ’S PUBLICATIONS. 


GRIFFIN’S “NEW LAND” SERIES. 


Practical Hand-Books for the Use of Prospectors, Huplorers, 
Settlers, Colonists, and all Interested in the opening 
up and Development of New Lands. 


EpitEeD BY GRENVILLE A. J. COLE, M.R.I1A., F.G.S., 


Professor of Geology in the Royal College of Science for Ireland, and Examiner in 
the University of London. 


In Crown 8vo. Handsome Cloth. 5s. 
With Numerous Maps Specially Drawn and Hxecuted for this Work. 


NEW LANDS: 


THEIR RESOURCES AND PROSPECTIVE 
ADVANTAGES. 


By HUGH ROBERT MILL, D.Sc., LL.D., F.RS.E., 


InTRoDuUcTORY.—The Development of New Lands.—The Dominion of 
Canada. — Canada, Eastern Provinces. — Canada, Western Provinces and 
Territories. —N ewfoundland.—The United States.—Latin America, Mexico.— 
Latin America, Temperate Brazil and Chili.—Latin America, Argentina.— 
The Falkland Islands.—Victoria.—New South Wales.—Queensland.—South 
Australia.—Tasmania.—Western Australia.—New Zealand.—The Resources 
of South Africa.—Southern Rhodesia.—INDEX. 


‘PAINSTAKING . . . COMPLETE . . . of great PRACTICAL ASSISTANCE, — The Field. 


“A want admirably supplied. . . . Has the advantage of being written by a pro- 
fessed Geographer.” —Geographical Journal. 


? 


IN PREPARATION. 
BUILDING CONSTRUCTION in WOOD, STONE, anp 
CONCRETE. By James Lyon, M.A., Professor of En- 
gineering in the Royal College of Science for Ireland ; 


sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taytor, A.R.C.8.1. 


*,* Other Volumes, dealing with subjects of Primary 
ImpoRTANCE in the Examination and UrixisaTion of Lands 
which have not as yet been fully developed, are in preparation. 
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GRIFFIN’S “NEW LAND” SERIES. 


Turrp Epition, Revised. With Illustrations. Handsome Cloth, &s. 


PROSPECTING FOR MINERALS. 


A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 


BY 


S. HERBERT OOX, Assoc.R.S.M., M.Inst.M.M., F.G.S., &c. 


GENERAL Contents. —Introduction and Hints on Geology—The Determina- 
tion of Minerals: Use of the Blow-pipe, &c.—Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value: Rock Salt, Borax, Marbles, Litho- 

aphic Stone, Quartz and Opal, &c., &¢.—Precious Stones and Gems—Stratified 

eposits: Coal and Ores— Mineral Veins and Lodes—I{rregular Deposits— 
Dynamics of Lodes: Faults, &.—Alluvial Deposits—Noble Metals: Gold, 
Platinum, Silver, &c.—Lead—Mercury—Copper—Tin—Zinc—Iron—Nickel, 
&c.—Sulphur, Antimony, Arsenic, &c.—Combustible Minerals—Petroleum— 
General Hints on Prospecting—Glossary—Index. 


‘This ADMIRABLE LITTLE WORK .. . written with SCIENTIFIC ACCURACY in a 
OLEAR and LUOID style. . . . An IMPORTANT ADDITION to technical literature ... 
will be of value not only to the Student, but to the experienced Prospector. .. . 
If the succeeding volumes of the NEW LAND SERIES are equal in merit to the First, we 
must congratulate the Publishers on successfully filling up a gap in existing literature 
—Mining Journal. 

‘This EXCELLENT HANDBOOK will prove a perfect Vade-mecum to those engaged in 
the practical work of Mining and Metallurgy.”—Times of Africa. 


With many Engravings and Photographs. Handsome Cloth, 4s. 6d. 


PaO S UP Pry. 


By ROBERT BRUCE, 


Agricultural Superintendent to the Royal Dublin Society. 
With Appendix on Preserved Foods by C. A. Mircnent, B.A., F.LC. 


GENERAL ConTENTS.—Climate and Soil—Drainage and Rotation of 
Crops—Seeds and Crops—Vegetables and Fruits—Cattle and Cattle- 
Breeding—Sheep and Sheep Rearing—Pigs—Poultry—Horses—The Dairy 
—The Farmer’s Implements—The Settler’s Home. 


‘* BRISTLES WITH INFORMATION. ’—Farmers’ Gazette. 


**The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles of 
farming in ALL ITS BRANCHES.’—Journal of the Royal Colonial Inst. 

‘‘ A most READABLE and VALUABLE book, and merits an EXTENSIVE SALE.”—Scottish 
Farmer. 

‘** Will prove of service in ANY PART OF THE WORLD.”—Nature. 
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SIXTH EDITION. With Frontispiece and 716 Illustrations, Price 34s. 


ORE & STONE MINING. 


By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 


LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE.; 
REVISED, AND BROUGHT UP-TO-DATE 


By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 


GENERAL CONTENTS. 


INTRODUCTION. Mode of Occurrence of Minerals.—Prospecting.—Boring. 
—Breaking Ground.—Supporting Exeavations.—Exploitation.—Haulage or 
Transport.—Hoisting or Winding. — Drainage. — Ventilation. — Lighting.— 
Descent and Ascent.—Dressing—Prineiples of Employment of Mining Labour. 
—Legislation affecting Mines and Quarries.— Condition of the Miner.— 
Aecidents.—Index. 

‘*Dr. Foster’s book was expected to be EPOCH-MAKING, and it fully justifies such expec- 
tation, . . . A MOST ADMIRABLE account of the mode of occurrence of practically ALL 
KNOWN MINERALS. Probably stands UNRIVALLED for completeness.”— The Mining Fournal. 

‘*'This EPOCH-MAKING work . . . appeals to MEN OF EXPERIENCE no less than to 
students.” —Beveg- und Hiittenminnische Zeitung. 

** This SPLENDID woRK.”—Oesterr. Ztschrft. fiir Berg- und Hiittenwesen. 


In Crown 8vo. ‘Handsome Cloth. With nearly 300 Illustrations, many of 
them being full page reproductions of views of great interest. Price 7s. 6d. net. 


THE ELEMENTS OF MINING AND QUARRYING. 


An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 


Professor of Mining at the Royal College of Science, London, with which is Incorporated 
the Royal School of Mines; lately one of H.M. Inspectors of Mines. 

GENERAL CONTENTS. — INTRODUCTION. — Occurrence of Minerals. — Pro- 
specting.—Boring.—Breaking Ground.—Supporting Excavations.—Exploita- 
tion.—Haulage or Transport.—Hoisting or Winding.— Drainage.— Ventilation. 
—Lighting.—Descent and Ascent.—Dressing, &c.—INDEX. 

‘* A remarkably clear survey of the whole field of mining operations.”—Engineer. 

‘* Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as 


this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 


elementary Text-book.”—Mining Journal. 


FIFTH EDITION, Revised and Greatly Enlarged. With 4 Plates and 
670 Lilustrations. Price 24s. net. 


A TEXT-BOOK OF COAL-MINING: 


FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 


By HERBERT WILLIAM HUGHES, FGS., 
Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 
GENERAL CONTENTS. 

Geology.—Search for Coal.—Breaking Ground.—Sinking.— Preliminary 
Operations. — Methods of Working. — Haulage. — Winding. — Pumping.— 
Ventilation.—Lighting.—Works at Surface.—Preparation of Coal for Market. 


—INDEX. 

‘‘Quite THE BEST BOOK ofits kind . . . as PRACTICALinaimasabookcanbe . . . 
The illustrations are EXCELLENT.” —A theneum. 

‘© We cordially recommend the work.”—Collery Guardian, ‘ 

‘* Will soon come to be regarded as the STANDARD woRK of its kind.” Birmingham 


Daily Gazette. 
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ELEVENTH EDITION, Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 


A TREATISE ON MINE-SURVEYING: 


For the use of Managers of Mines and Collieries, Students 
at the Royal School of Mines, &c. 


By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M., 
Formerly Instructor of Mine-Surveying, Royal School of Mines. 

“Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL have long ago won 
for it a place unique in the literature of this branch of mining engineering, and the present edition fully 
maintains the high standard of itspredecessors. To the student, and to the mining engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent.”—7he Minzne Fournal. 


In Large Crown 8vo. Fully Illustrated. 6s. net. 


THE INVESTIGATION OF MINE AIR: 


An Account by Several Authors of the Nature, Significance, and Practical 
Methods of Measurement of the Impurities met with in the 
Air of Collieries and Metalliferous Mines. 
EDITED BY 


Sir CLEMENT LE NEVE FOSTER, D.Sc, F.RS., 
Anp J. S. HALDANE, M.D., F.RB.S. 


‘““We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus.” —Colliery Guardian. 


Av Press. In Crown 8vo, Handsome Cloth. Latest Addition to 
GRIFFIN’S MINING SERIES. 


MINING LA W. 


By CHARLES! J. ALFORD. 

ConTENTS.—The Principles of Mining Law.—The Mining Law of Great 
Britain.—British India.—Ceylon.—Burma.—The Malay Peninsula.—British 
North Borneo.— Egypt. — Cyprus. -—The Dominion of Canada. — British 
Guiana.—The Gold Coast Colony and Ashanti.—Cape of Good Hope.— 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.—New Zealand, &c.—INDEX. 


In Large 8vo. Turrp Epition. Price 10s. 6d. 


Mine Accounts and Mining Book-Keeping. 


For Students, Managers, Seeretaries, and others. 

With Examples taken from Actual Practice of Leading Companies. 
By JAMES GUNSON LAWN, A.R.S.M., A.M. Inst.C.E., F.G.S., 
Professor of Mining at the South African School of Mines. 

Epirep By Sir C. LE NEVE FOSTER, D.Sc., F.R.S. 


“Tt seems IMPOSSIBLE to suggest how Mr. Lawn’s book could be made more COMPLETE or 
more VALUABLE, careful,'and exhaustive.”— Accountants’ Magazine. 


THE MINING ENCINEERS’ REPORT BOOK AND DIRECTORS’ 
AND SHAREHOLDERS’ GUIDE TO MINING REPORTS. By 
Epwin R. Firetp, M.Inst.M.M. With Notes on the Valuation of 
Mining Property and Tabulating Reports, Useful Tables, &c., and 
provided with detachable blank pages for MS. Notes. Pocket Size, 
Strongly Bound in Leather. 3s. 6d. 

‘‘An ADMIRABLY compiled book which Mining Engineers and Managers will find 

EXTREMELY USEFUL.”—Mining Journal. 
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Seconp Epition. Jn Crown 8vo. Handsome Cloth. With 30 New 
Illustrations. 7s. 6d net. 


ELECTRICAL PRACTICE IN COLLIERIES. 


By D. BURNS, M.E., M.Inst.M.E., 


Certificated Colliery Manager, and Tourer’ on Mining and Geology to the Giewe and Westjof 
Scotland Technical “College. 


Units of Measurement, Conductors, &e.—The Theory of the Dynamo.—The 
Dynamo, Details of Construction and Working. —Motors.—Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — Miscellaneous Applications of Electricity in Mines. —Coal Mines 
Regulation Act (Electricity).—INDEX. 


‘A clear and concise introduction to electrical practice in collieries.”—Mining 
Journal. 


FourtH Epition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout, Large Crown 8vo. Handsome Cloth. 


PRACTICAL COAL-MINING: 


A MANUAL FOR MANAGERS, UNDER-MANAGERS, 
COLLIERY ENGINEERS, AND OTHERS. 


With Worked-out Problems on Haulage, Pumping, Ventilation, dc. 
By GEORGE L. KERR, M.E., M.Inst.M.E. 


“*An ESSENTIALLY PRACTICAL WORK, and can be confidently recommended. No department 
of Coal-Mining has been overlooked.”—Engineers’ Gazette. 

“This book JUST MEETS the wants of Students preparing for the Colliery Managers’ Examin- 
ations. I have decided to use it for our classes here. ‘i e have, I believe the largest 
mining class in Great Britain.”—The Principal of a Training College. 


ELEMENTARY COAL-MINING: For the Use of Students, Miners, and 

’ others preparing for Examinations. By Groraz L. Kerr, M.E., 
M.Inst.M.E., Author of ‘‘ Practical Coal-Mining.” In Crown 8vo. 
Handsome Cloth. With 200 Illustrations. 3s. 6d. 


‘‘An abundance of information conveyed in a popular an attractive form. . . . Will be 
of great use to all who are in any way interested in coal mining. —Scottish Critic. 


BLASTING: and the Use of Explosives. A Handbook for 
Engineers and others Engaged in Mining, Tunnelling, Quarrying, &c. 
By Oscar GutTtmann, M.Inst.C.E., Member of the Societies 
of Civil Engineers and Architects of Vienna and Budapest, Corre- 
sponding Member of the Imp. Roy. Geological Institution of Austria, 
&c. In Large 8vo, with Illustrations and Folding-Plates. 10s. 6d. 


“Should prove a vade-mecum to Mining Engineers and all engaged in practical work. 
—Ivon and Coal Trades Review. 


TESTING EXPLOSIVES. By Dr. Biche, and Axe, Larsen. 
ConTENTS. —Historical—Testing Stations—Power Gauges—Products 

of Combustion—Heat of Decomposition—Rate of Detonation—Rate 
and Duration of Flame—After Flame Rates—Transmission of Explo- 
sion—KEfficiency, &c. At Press. In Medium 8vo. Fully Mea 
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In Medium 8vo. With Numerous Plates, Maps, and Illustrations. 
21s. net. 


CYANIDING GOLD & SILVER ORES. 


A Practical Treatise on the Cyanide Process; its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs. 


By H. pe JULIAN, 


Mining and Metallurgical Engineer; Specialist in Gold ; Late Technical Adviser of the 
Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine. 


Anp EDGAR SMART, A.M.1.0.E., 
Civil and Metallurgical Engineer. 


‘*A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the process.”—Mining Journal. 

‘«The authors are to be congratulated upon the production of what should prove to be 
a standard work.”—Page’s Magazine. 


In Large Crown 8vo. With Plates and Illustrations. Handsome Cloth. 
7s. 6d. 


THE CYANIDE PROCESS OF GOLD EXTRACTION. 


A Text-Book for the Use of Metallurgists and Students at 
Schools of Mines, &c. 


By JAMES PARK, EF.G.S., M.Inst.M.M., 


Professor of Mining and Director of the Otago University School of Mines; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist 
to the Government of New Zealand. 


Tuirp EnewisH Epirion. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-Halske and other 
recent processes. 

“Deserves to be ranked as amongst the BEST OF EXISTING TREATISES.’ —Mining Journal. 


TuirD EpitTion, Revised. With Plates and Illustrations. Cloth, 3s. 6d. 


GETTING GOLD: 


A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 
By J. 0. F. JOHNSON, F.G.S., A.LM.E, 
Life Member Australasian Mine-Managers’ Association. 


GENERAL CONTENTS.—Introductory : Prospecting (Alluvial and General)— 
Lode or Reef Prospecting—Genesiology of Gold—Auriferous Lodes—Drifts— 
Gold Extraction—Lixiviation—Calcination—Motor Power and its Transmission 
—Company Formation— Mining Appliances and Methods — Australasian 
Mining Regulations. 

‘““PRAOTICAL from beginning toend . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold.” —Brit. Australasian, 


In Crown 8vo. Illustrated. Fancy Cloth Boards, 4s. 


COLD SEEKING IN SOUTH AFRICA: 


A Handbook of Hints for intending Explorers, Prospectors, 
and Settlers. 


By THEO KASSNER, 


Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields. 
With a Chapter on the Agricultural Prospects of South Africa. 


‘“‘As fascinating as anything ever penned by Jules Verne.”’—A/frican Commerce. 
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Large 8vo. Handsome Cloth. With Illustrations. 
12s. 6d. net. 


METALLURGIGAL ANALYSIS & ASSAYING: 


A THREE YEARS’ COURSE 
FOR STUDENTS OF SCHOOLS OF MINES. 
By W. A. MACLEOD, B.A., B.Sc., A.0.S.M. (N.Z.), 


Formerly Assist.-Director, Thames School of naner (N.Z.), and Lecturer in Chemistry, University 
of Tasmania ; Director of Queensland Government School of Mines, Charters Towers ; 


Anp CHAS. WALKER, F.C.S., 
Formerly Assist.-Demonstrator in Chemistry, Sydney University ; Lecturer n Chemistry 
and Metallurgy, Charters Towers School of Mines 


Part I.—Qualitative Analysis and Preparation and Properties of Gases. 
Part IJ.—Qualitative and Quantitative Analysis. Part Il 1.—Assaying, 
Technical Analysis (Gas, Water, Fuels, Oils, &c.). 


‘““The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying in Australia rests in competent hands.”—Nature. 


In Crown 8vo, Beautifully Illustrated ee nearly 100 
Microphotographs of Steel, &c. . 6d. net. 


MICROSCOPIC ANALYSIS OF METALS. 


By FLORIS OSMOND & J. E. STEAD, F.R.S., F.1C. 


Contents.—Metallography considered as a method: of en — Micro- 
graphic Analysis of Carbon Steels.—Preparation of Specimens.—Polishing. 
—Constituents of Steel; Ferrite; Cementite; Pearlite; Sorbite; Martensite; 
Hardenite ; Troostite ; Austenite.—Identification of Constituents.— Detailed 
Examination of Carbon Steels.—Conclusions, Theoretical and Practical. — 
Apparatus employed.—APPENDIX. 


‘‘There’has been no work previously published in English calculated to be so useful to 
the student in metallographic research.”—Jron and Steel Trades’ Journal. 


THIRD Epition. With Folding Plates and Many Illustrations. 36s. 
ELEMENTS OF 


METALLUOU RG Y. 


A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 
By J. ARTHUR PHILLIPS, M.Inst.0.E., F.C.S., F.G.8., &e. 
Anp H. BAUERMAN, V.P.G.S. 


GENERAL CONTENTS. — Refractory Materials. — Fire-Clays.— Fuels, &c.— 
Aluminium, — Copper. — Tin. — Antimony. — Arsenic. — Zine. — Mercu 
Bismuth, —Lead.—Iron. — Cobalt, —Nickel.—Silver.—Gold.—Platinum. 

‘*Of the THIRD EDITION, we are still able to say that, as a Text-book of 
Metallurgy, it is THE BEST with which we are acquainted.”—Hngineer. 

“ A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Reference. . . . The Illustrations 
are admirable examples of Wood Engraving.”—Chemical News. 
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AT Press. Sxrconp Epition, Revised Throughout and Enlarged. Re-set 
on Larger Page. With Valuable Bibliography, New Maps, 
Illustrations, dc. 


PETROLEUM AND ITS PRODUCTS. 


A PRACTICAL TREATISE. 


By SIR BOVERTON REDWOOD, 


F.R.S.E., F.1.C., Assoc.R.C.S., 


Hon. Corr. Mem. of the Imperial Russian Technical Society; Mem. of the American Chemical 
Society ; Adviser to the Home Office and to the Corporation of London under the 
Petroleum Acts, &., &c. 


With Plates (One Coloured) and Illustrations. Price 8s. 6d. net. 


A HANDBOOK ON PETROLEUM. 
FOR INSPECTORS UNDER THE PETROLEUM ACTS, 


And for those engaged in the Storage, Transport, Distribution, and 
Industrial Use of Petroleum and its Products, and of Calcium 
Carbide. "With suggestions on the Construction and 
Use of Mineral Oil Lamps. 


Bry CAPTAIN J. H. THOMSON, 
H.M. Chief Inspector of Explosives, 


JAND 


SIR BOVERTON REDWOOD, 
Author of ‘‘ Petroleum and its Products.” 


ContEnts.—I. Introductory.—II. Sources of Supply.—III. Production.—IV. Chemical Pro- 
ducts, Shale Oil, and Coal Tar.—V. Flash Point and Fire Test.—VI. Testings.—VII. Existing 
Legislation relating to Petroleum. — VIII. — IX. —Precautions Necessary.— X. Petroleum Oil 
Lamps.—XI. Carbide of Calcium and Acetylene.—Appendices.—INDEX. 


A volume that will enrich the world’s petroleum literature, and render a service to the 
British branch of the industry. . . . eliable, indispensable, a brilliant contribution.”— 
Petroleum. 


OIL FUEL: 
ITS SUPPLY, COMPOSITION, AND APPLICATION. 


Reval DINGY. WH ONO Rr: 
(See page 29), 


THE PETROLEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of Mineral Oil in what is commonly termed 
the Paraffin Lamp. By Capt. J. H. THomson and Dr. BOVERTON 
REDWooD. Popular iene Illustrated. 1s. net. 

“‘The book contains a great deal of interesting reading, much of which is thoroughly practical 


-and useful. It is a work which will meet every purpose for which it has been written.”— 
Petroleum. 
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Grifi's Metallurgical Series. 


STANDARD WORKS OF REFERENCE 


FOR 


Metallurgists, Mine-Owners, Assayers, Manufacturers, 
and all interested in the development of 
the Metallurgical Industries. 


EDITED BY 


Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 


In Large 8vo, Handsome Cloth. With Illustrations. 


INTRODUCTION to the STUDY of METALLURGY. 
By the Ep1ToR. FIFTH EDITION. 18s. (See p. 63.) 


GOLD (The Metallurgy of). By Tuos. Kirke Ross, 
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. FourRTH EDITION. 21s. (See p. 63.) 


LEAD AND SILVER (The Metallurgy of). By H. F. 
CoLLins, Assoc.R.S.M., M.Inst.M.M. Part I., Lead, 16s; Part 
II., Silver, 16s. (See p. 64.) 


IRON (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. SECOND EDITION, Revised. 16s. (See p. 65.) 


STEEL (The Metallurgy of). By F. W. HaArsorp, 
Assoc.R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Harz, A.M.Inst.C.E. SEconD EDITION. 25s. net. (See 


p- 65.) 
Will be Published at Short Intervals. 
METALLURGICAL MACHINERY: the Application ot 


Engineering to Metallurgical Problems. By HENRY CHARLES JENKINS, 
Wh.Sc., Assoc.R.S.M., Assoc.M.Inst.C.E., of the Royal College of 
Science. (See p. 64). 


ALLOYS. By the Epiror. 


*,.* Other Volumes in Preparation. 
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GRIFFIN’S METALLURGICAL SERIES. 


FirTH EDITION, thoroughly Revised and considerably Enlarged. Large 
8vo, with numerous Illustrations and Micro-Photographic 
Plates of different varieties of Steel. 18s. 


An Introduction to the Study of 


yee ee ANT aU ER. Gor Y 


Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 


Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy 
in the Royal College of Science. 


GENERAL ConTENTS.—The Relation of Metallurgy to Chemistry.—Physical Properties 
of Metals.—Alloys. The Thermal Treatment of Metals.—Fuel and Thermal Measurements. 
—Materials and Products of Metallurgical Processes.—Furnaces.—Means of Supplying Air 
to Furnaces.—Thermo-Chemistry.—Typical Metallurgical Processes.x—The Micro-Structure 
of Metals and Alloys.—Economic Considerations. 


‘* No English text-book at all approaches this in the COMPLETENESS with 
which the most modern views on the subject are dealt with. Professor Austen’s 
volume will be INVALUABLE, not only to the student, but also to those whose 
knowledge of the art is far advanced.” —Chemical News. 


FourtH Epition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispiece and numerous Illustrations. 21s. 


THE METALLURGY OF GOLD. 


BY 


T. KIRKE ROSE, D.Se.Lond., Assoc.R.S.M., 
Chemist and Assayer of the Royal Mint. 


GENERAL CONTENTS.—The Properties of Gold and its Alloys.—Chemistry of Gold.— 
Mode of Occurrence and Distribution.—Placer Mining.—Shallow Deposits.—Deep Placer 
Mining. — Quartz Crushing in the Stamp Battery. — Amalgamation. — Other Forms of 
Crushing and Amalgamating.—Concentration.—_Stamp Battery Practice.—Chlorination : 
The Preparation of Ore.-—The Vat Process.—The Barrel Process.—Chlorination Practice 
in Particular Mills.—The Cyanide Process.—Chemistry of the Process.—Pyritic Smelting. 
—The Refining and Parting of Gold Bullion—The Assay of Gold Ores.—The Assay of 
Bullion—Economic Considerations.—Bibliography. 


‘* A COMPREHENSIVE PRACTICAL TREATISE On this important subject.” —The Times. 

‘*The MOST COMPLETE description of the CHLORINATION PROCESS Which has yet been pub- 
lished.” — Mining Journal. ° 

“‘ Adapted for all who are interested in the Gold Mining Industry, being free from tech- 
nicalities as far as possible, but is more particularly of value to those engaged in the 
industry.” —Cape Times. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


64 CHARLES GRIFFIN & CO.’8 PUBLICATIONS. 


GRIFFIN’S METALLURGICAL SERIES. 
Epitep sy SIR W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L. 
In Large 8vo. Handsome Cloth. With Illustrations. 


In Two Volumes, Each Complete in Itself and Sold Separately. 


THE METALLURGY OF LEAD AND SILVER. 


By H. F. COLLINS, Assoc.R.S.M., M.Inst.M.M. 
Part I.-LEAD: 


A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price 16s. 


SUMMARY OF CONTENTS.—Sampling and Assaying Lead and Silver.—Properties and 
Compounds of Lead.—Lead Ores.—Lead Smelting.—Reverberatories.—Lead Smelting in 
Hearths.—The Roasting of Lead Ores.—Blast Furnace Smelting; Principles, Practice, 
and Examples; Products.—Flue Dust, its Composition, Collection and Treatment.— 
Costs and Losses, Purchase of Ores.—Treatment of Zinc, Lead Sulphides, Desilverisation, 
Softening and Refining.—The Pattinson Process.—The Parkes Process.—Cupellation and 
Refining, &c., &c. 


‘‘A THOROUGHLY SOUND and useful digest. May with HVERY CONFIDENCE be 
recommended.”—Mining Journal. 


Part I1-SILWVER. 


Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. Price 16s. 


SUMMARY OF CONTENTS.—Properties of Silver and its Principal Compounds.—Silver 
res.—The Patio Process.—The Kazo, Fondon, Kréhnke, and Tina Processes.—The Pan 
Process.—Roast Amalgamation.—Treatment of Tailings and Concentration.—Retorting, 
Melting, and Assaying —Chloridising-Roasting.—The Augustin, Claudet, and Ziervogel 
Processes.—The Hypo-Sulphite Leaching Process.—Refining.—Matte Smelting.—Pyritic 
Smelting.—Matte Smelting in Reverberatories.—Sil ver-Copper Smelting and Refining.— 
INDEX. 


‘The author has focussed A LARGE AMOUNT OF VALUABLE INFORMATION into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. "—Mining Journal. 


IN PREPARATION. 


METALLURGICAL MACHINERY : 


The Application of Engineering to Metallurgical Problems. 


By HENRY CHARLES JENKINS, 
Wh.Sc., Assoc. R.S M., Assoc. M. Inst.C. LE. 
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GRIFFIN’S METALLURGICAL SERIES. 


JUST OUT. Srconp Epition, Revised. With Numerous Illustrations. 
Large 8vo. Handsome Cloth. 25s. net. 


With Additional Chapter on The Electric Smelting of Steel. 


THE METALLURGY OF STERL. 


By F. W. HARBORD, Assoc.R.S.M., F.IC., 


Consulting Metallurgist and Analytical Chemist to the Indian Government, 
Royal Indian Engineering College, Coopers Hill. 


With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 


THE MECHANICAL TREATMENT OF STEEL. 
By J. W. HALL, A.M.Inst.C.E. 


ABRIDGED ConTENTS.—The Plant, Machinery, Methods and Chemistry of the Bessemer 
and of the Open Hearth Processes (Acid and Basic)—The Mecnanical Treatment of Steel 
comprising Mill Practice, Plant and Machinery.—The Influence of Metalloids, Heat 
Treatment, Special Steels, Microstructure, Testing, and Specifications. 


**A work which we venture to commend as an invaluable compendium of information upon 
the metallurgy of steel.”—Jron and Ooal Trades’ Review. 

_ The Engineer says, at the conclusion of a review of this book :—‘‘We cannot conclude without 
earnestly recommending all who may be interested as makers or users of steel, which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 

as possible, and this may be the more easily done as the published price, considering the size 

of the book, is extremely moderate.” 


Srconp Epitron, Revised, Price 16s. 


THE METALLURGY OF IRON. 


By THOMAS TURNER, Assoc.R.S8.M., F.LC., 


Professor of Metallurgy in the University of Birmingham. 


In Lareae 8vo, HANnpDsomME CiotH, WitH Numerous ILLUSTRATIONS 
(MANY FROM PHOTOGRAPHS). 


General Contents.—Early History of Iron.—Modern History of Iron.—The Age of Steel. 
—Chief Iron Ores.—Preparation of Iron Ores.—The Blast Furnace.—The Air used in the 
Blast Furnace.—Reactions of the Blast Furnace.—The Fuel used in the Blast Furnace,— 
Slags and Fuxes of Iron Smelting.—Properties of Cast Iron.—Foundry Practice.— Wrought 
Tron,—Indirect Production of Wrought Iron.—The Puddling Process.—Further Treatment 
of Wrought Iron. — Corrosion of Iron and Steel. 

‘‘ A MOST VALUABLE SUMMARY Of knowledge relating to every method and stage 
in the manufacture of cast and wrought iron . . . rich in chemical details... . 
EXHAUSTIVE and THOROUGHLY UP-TO-DATE.”’—Bulletin of the American Iron 
and Steel Association. 

‘* This is A DELIGHTFUL BOOK, giving, as it does, reliable information on a subject 
becoming every day more elaborate.”—Colliery Guardian. _ 

‘* A THOROUGHLY USEFUL BOOK, which brings the subject UP TO DATE, OF 
GREAT VALUE to those engaged in the iron industry.”—Mining Journal. 


*,” For Professor Turner's Lectures on Iron-Founding, see page 68. 
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A TEXAT-BOOK OF ASSAYING: 


For the use of Students, Mine Managers, Assayers, &c, 


By J. J. BERINGER, F.LC., F.C.S., 


Public Analyst for, and Lecturer to the Mining Association of, Cornwall. 


Anp C. BERINGER, F.C.S., 
Late Chief Assayer to the Rio Tinto Copper Company, London, 
With numerous Tables and Illustrations. Crown 8vo. Cloth, ros. 6d. 
NINTH EDITION. 

GENERAL CONTENTS. — Part I. — INTRODUCTORY; MANIPULATION: Sampling; 
Drying ; Calculation of Results—Laboratory-books and Reports. METHODS: Dry Gravi- 
metric; Wet Gravimetric—Volumetric Assays: Titrometric, Colorimetric, Gasometric— 
Weighing and Measuring—Reagents—Formule, Equations, &c.—Specific Gravity. 

Part II.—Merats: Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, &c.—Earths, Alkalies. 

Part III.—Non-Merats: Oxygen and Oxides; The Halogens—Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen—Silicon, Carbon, Boron—Useful Tables. 


_  ‘‘A REALLY MERITORIOUS WORK, that may be safely depended upon either for systematic 
instruction or for reference,” —Nature. _ ; 
‘“This work is one of the BEST of its kind.”—Axgineer. 


THIRD Epirion, Revised. Handsome Cloth. With Numerous 
Illustrations. 6s. 


A TEXT-BOOK OF 


ELEMENTARY METALLURGY. 


Including the Author’s PracricAL LaBoRATORY COURSE, 


By A. HUMBOLDT SEXTON, FLO, F.GS,, 
Professor of Metallurgy in the Glasgow and West of Scotland Technical College, 


GENERAL CONTENTS.—Introduction,—Properties of the Metals, —Combustion, 
—Fuels,—Refractory Materials. — Furnaces.—Occurrence of the Metals in Nature,— 
Preparation of the Ore for the Smelter.—Metallurgical Processes.—Iron.—Steel.— 
Copper.—Lead.—Zine and Tin.—Silver.—Gold.— Mercury. — Alloys, — Applications 
of Evecrriciry to Metallurgy.—LABoRATORY COURSE. 


** Just the kind of work for Students commENcine the study of Metal- 
lurgy, or for ENGINEERING Students,”—Practical Engineer. 
‘* EXCELLENTLY got-up and WELL-ARRANGED.’”—Chemical Trade Journal. 


In Large 8vo. Handsome Cloth. Price 4s. 
TABLES FOR 


QUANTITATIVE METALLURGICAL ANALYSIS. 


FOR LABORATORY USE. 
ON THE PRINCIPLE OF “‘GROUP” SEPARATIONS. 
By J. JAMES MORGAN, F.OS., M.8.C.L 


‘‘The Author may be CONGRATULATED on the way his work has been carried out,”—= 
The Engineer. 

‘* Will COMMEND ITSELF highly in Laboratory Practice. Its cLEARNESS and PRECISION 
mark the book out as a highly useful one.”—Mining Journal. 
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Seconp Epition, Revised, Enlarged, and in part Re-written. 
With Additional Sections on MopERN THEORIES OF ELECTROLYSIS 
Costs, &c. Price 10s. 6d. 


A TREATISE ON 


ELEGT RO-METALLURGY: 


Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing poe and Art-Work, &c, 


WALTER G. M°MILLAN, ECOL ECS. 
Secretary to the Institution of Electrical Engineers ; late Lecturer in Metallurgy 
at Mason College, Birmingham. 

With numerous Illustrations, Large Crown §8vo. Cloth. 


‘This excellent treatise, . . . one of the BEST and MOST COMPLETE 
manuals hitherto published on Electro-Metallurgy.”—Hlectrical Review. 

‘*This work will be a sranDARD.”—Jeweller. 

‘‘Any metallurgical process which REDUCES the cost of Prateeon 
must of necessity prove of great commercial importance. . . We 
recommend this manual to ALL who are interested in the PRACTICAL 
APPLICATION of electrolytic processes.” —Nature. 


Srconp Epirion, Thoroughly Revised and Enlarged. Im large 8vo. 
With Numerous Illustrations and Three Folding-Plates, 21s. net. 


ELECTRIC SMELTING & REFINING: 


A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 


Being the ‘‘ ELEKTRO-METALLURGIE”’ of Dk. W. BORCHERS. 


Translated from the Latest German Edition by WALTER G. M°*MILLAN, 
K1.C., £.C:8. 


CONTENTS. 

Part I.—ALKALIES AND ALKALINE EartH MeEtats: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II,—THer EartH Merats: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part I!].—Taz Heavy Mertats: Copper, Silver, Gold, Zine and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Tron, Nickel, and Cobalt, the Platinum 
Group. 

‘COMPREHENSIVE and AUTHORITATIVE . . . not only FULL of VALUABLE INFOR- 
MATION, but gives evidence of a THOROUGH INSIGHT into the technical VALUE and 
POSSIBILITIES of all the methods discussed.”—T he Electrician. 

“Dr. BORCHERS’ WELL-KNOWN WORK . . . must OF NECESSITY BE ACQUIRED by ~ 
every one interested in the subject. EXCELLENTLY put into English with additional 
matter by Mr. MceMILLAN.”—Nature. ’ 4 

** Will be of GREAT SERVICE to the practical man and the Student.” — Electric Smelting. 
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In Large 4to, Library Style. Beautifully Illustrated with 20 Plates, many 
in Colours, and 94 Figures in the Text. £2, 2s. net. 


PRECIOUS STONES: 


Their Properties, Occurrences, and Uses. 


A Treatise for Dealers, Manufacturers, Jewellers, and for all 
Collectors and others interested in Gems. 


By Dr. MAX BAUER, 


Professor in the University of Marburg, 
TRANSLATED BY L. J. SPENCER, M.A. (Cantas.), F.G.S. 


GENERAL CONTENTS.—General Properties of Gems: Their Natural Characters, 
Occurrence, Application, and Uses.—Detailed Description of Particular Gems: The 
Diamond, Rubies, Sapphires ; Emeralds, Tourmalines, and Opals; Felspars, Amphiboles, 
Malachite.—Non-mineral Gems: Amber, &c.—Optical Features, Transparency, Trans- 
lucency, Opacity, Refraction and Dispersion, &c.—APPENDIX: Pearls; Coral. 


“The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone is a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers’ 
window.”—Atheneum. 

“The work is one to be recommended to every jeweller.” —The Jewellers’ Circular. 


In Large Crown 8vo. With Numerous Illustrations, 8s. 6d. 


The Art of the Goldsmith and Jeweller 


A Manual on the Manipulation of Gold and the Manu- 
facture of Personal Ornaments. 


By THOS), BeewW iT Gis ¥, 


Headmaster of the Jewellers and Silversmiths’ Association Technical 
School, Birmingham. 


; ASSISTED BY 


J. H. STANSBIE, B.Sc. (Lonp.), F.LO.,, 
Lecturer at the Birmingham Municipal Technical School. 


GENERAL CONTENTS.—Introduction.—The Ancient Goldsmith’s Art.— Metallurgy of 
Gold.—Prices, &c.—Alloys.— Melting, Rolling, and Slitting Gold.—The workshop and 
Tools.—Wire Drawing. — Rings. —Chains and Insignia. —Antique Jewellery and its 
Revival.—Etruscan Work.— PRECIOUS STONES. —Cutting. — Polishing and Finishing.— 
Chasing, Embossing, and Repoussé Work.—Colouring and Finishing.— Enamelling.— 
Engraving.—Moulding and Casting Ornaments, &c.— Fluxes. &c.— Recovery of the 
Precious Metals.— Refining and Assaying.— Gilding and Electro Deposition. — Hall 
Marking.—Miscellaneous.—A ppendix. 


Extra Crown 8vo. With 48 Illustrations. 3s. 6d. net. 


LECTURES ON IRON-FOUNDING. 


By THOMAS TURNER, M.Sc., A.R.S.M., F.1.C., 
Professor of Metallurgy in the University of Birmingham 


CoNTENTS.— Varieties of Iron and Steel.—Application of Cast Iron.—History.—Pro 
duction.—Iron Ores. —Composition.—The Blast Furnace.— Materials. — Reactions.— 
Grading Pig Iron.—Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.—The Foundry.—General Arrangement.—Re-melting 
Cast Iron.— The Cupola.— Fuel Used.—Changes due to Re-melting.— Moulds and 
Moulding.—Foundry Ladles.—Pouring and Pouring Temperature.—Common Troubles.— 
Influence of Shape and Size on Strength of Castings.—Tests. 

‘“‘Tronfounders will find much information in the book.”—Jron Trade Circular 
(Ryland’s). 
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THIRD EDITION, Revised, Enlarged, and Re-issued. Price 6s. net. 


A SHORT MANUAL OF 


INORGANIC CHEMISTRY. 


A. DUPRE, Ph.D., F.RS,, 


AND 


WILSON HAKE, Ph.D., F.1LO., F.C.S., 
Of the Westminster Hospital Medical School. 


‘* A well-written, clear and accurate Elementary Manual of Inorganic Chemistry. . . 
We agree heartily with the system adopted by Drs. Dupré and Hake. WmILL MAKE ExPERI- 
MENTAL WoORK TREBLY INTERESTING BECAUSE INTELLIGIBLE. —Saturday Review. 

‘**'There is no question that, given the PERFECT GROUNDING of the Student in his Science, 
the remainder comes afterwards to him in a manner much more simple and easily acquired. 
The work is AN EXAMPLE OF THE ADVANTAGES OF THE SYSTEMATIC TREATMENT of a 
Science over the fragmentary style so generally followed. By A LONG WAY THE BEST of the 

Manuals for Students.” —Axadyst. 


LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 


Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 


OUTLINES OF QUANTITATIVE ANALYSIS. 


mi FOR THE USE OF STUDENTS. 
With Illustrations. FourtH Epirion. Crown 8vo, Cloth, 3s. 


‘© A COMPACT LABORATORY GUIDE for beginners was wanted, and the want has 
been WELL SUPPLIED. . . . A good and useful book.”—Lancet, 


OUTLINES OF QUALITATIVE ANALYSIS. 


FOR THE USE OF STUDENTS. 
With Illustrations. FourtH Epition, Revised. Crown 8vo, Cloth, 3s. 6d. 


‘* The work of a thoroughly practical chemist.” —British Medical Journal. 
** Compiled with great care, and will supply a want.”—Journal of Education. 


ELEMENTARY METALLURGY: 


Including the Author’s Practical Laboratory Course. With many 
Illustrations. [See p. 66, 


THirzc Epition, Revised. Crown 8vo. Cloth, 6s. 


‘“* Just the kind of work for students commencing the study of metallurgy.”— 
Practical Hngineer. 
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“The authors have SUCCEEDED beyond all expectations, | and have produced a work which 
should give FRESH POWER to the Engineer and Manufacturer.”—The Times. 


In Two Vols., Large 8vo. With Illustrations. Sold Separately. 


CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 
A PRACTICAL TEXT-BOOK. 


BY 
BERTRAM BLOUNT, F.I.C., & A. G. BLOXAM, F.1.0. 
WOLUME I Price 10s. Gd. 


OHEMISTRY OF ENGINEERING, BUILDING, AND 
METALLURGY. 


General Contents. —-INTRODUCTION—Chemistry of the Chief Materials 
of Construction—Sources of Energy—Chemistry of Steam-raising—Chemis- 
try of Lubrication and Lubricants—Metallurgical Processes used in the 
Winning and Manufacture of Metals. 


VOLUME Iti. Price i6s. 
JUST OUT. Serconp Epition, Thoroughly Revised. 


THE CHEMISTRY OF MANUFAOTURING 
PROCESSES. 


General Contents. Sulphuric Acid Manufacture—Alkali, &c.—Destructive 
Distillation —Artificial Manure—Petroleum—Lime and Cement—Clay and 
Glass — Sugar and Starch — Brewing and Distilling — Oils, Resins, and 
Varnishes—Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Glue, and Size — Explosives and Matches — Minor 
Manufactures. 


“Oertainly a GooD and USEFUL BOOK, constituting a PRACTICAL GUIDE for students by 
affording a clear conception of the numerous processes as a whole.’’—Chemical Trade 
Journal. 


SECOND EDITION. In Large 8vo. Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 


OILS, FATS, BUTTERS, AND WAXES: 
THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAP8, AND OTHER PRODUCTS. 


bia, a tA ODER WRIGHT. D.Sc, F.R.S., 


Late Lecturer, on Chemistry, St. Marv’s Hospital Medical School ; ort 
in ‘‘ Soap” to the City and Guilds of London Institute. 


Thoroughly Revised, Enlarged, and in Part Rewritten 
Pac AINSWORTH MITCHELES MASE TC. 


“Will be found ABSOLUTELY INDISPENSABLE. ”’— The Analyst. 
‘Will rank as the STANDAkD ENGLISH AUTHORITY on O1Ls and Fats for many 
years to come.” —IJxzdustries and Iron. 
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FirtH Epirion, Thoroughly Revised, Greatly Enlarged and Re-written. 
With additional Tables, Plates, and Illustrations. 21s. 


THEIR COMPOSITION AND ANALYSIS. 
By A. WYNTER BLYTH, M.R.CS., FIC. F.C.S8., 


Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone. 


Anp M. WYNTER BLYTH, B.A., B.Sc., F.G.S8. 


GENERAL CoNTENTS. — History of Adulteration. — Legislation. —Ap- 
paratus.—‘‘ Ash.” —Sugar. — Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits.—Starches. — Wheaten-Flour. — Bread. — Oats. — 
Barley.— Rye. — Rice. — Maize. — Millet. — Potatoes. — Peas. — Lentils. — 
Beans. — Milk.— Cream. — Butter. — Oleo-Margarine. — Cheese.— Lard. — 
Tea. — Coffee. —Cocoa and Chocolate. — Aleohol. — Brandy. — Rum. — 
Whisky. —Gin. —Arrack.—Liqueurs.— Absinthe. — Yeast.— Beer.— Wine. 
— Vinegar. — Lemon and Lime Juice.— Mustard.—Pepper.— Sweet and 
Bitter Almonds. —Annatto.—Olive Oil.—Water Analysis.—Appendix : 
Adulteration Acts, &c. 


‘* Simply INDISPENSABLE in the Analyst's laboratory.”—The Lancet. 
‘A new edition of Mr. Wynter Blyth’s Standard work, ENRICHED WITH ALL THE RECENT 
DISCOVERIES AND IMPROVEMENTS, will be accepted as a boon.” —COhemical News. 


Turrp Epitien, In Large 8vo, Cloth, with Tables and Illustrations. 
Price 2ls. 


POISONS: 
THEIR EFFECTS AND DETECTION. — 
By A. WYNTER BLYTH, M.B.CS., F.C, FOS, 


Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone. 


GENERAL CONTENTS. 


I.—Historical Introduction. II.—Classification—Statistics—-Connection 
between Toxic Action and Chemical Composition—Life Tests—General 
Method of Procedure—The Spectroscope—Examination of Blood and Blood 
Stains. III,—Poisonous Gases. IV.—Acids and Alkalies. V.—More 
or less Volatile Poisonous Substances. VI.—Alkaloids and Poisonous 
Vegetable Principles. VII.—Poisons derived from Living or Dead Animal 
Substances. VIII.—The Oxalic Acid Group. IX.—Inorganic Poisons. 


Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning. 
‘Undoubtedly THR MOST COMPLETE WORK on Toxicology in our language.”—The Analyst fon 
the Third Edition). 
“ As a PRACTICAL GUIDE, we know NO BETTER work.” —7'he Lancet (on the Third Edition). 
*,* In the THrrpD EpitTion, Enlarged and partly Re-written, New ANALYTICAL MEeTHops have 
been introduced, and the CADAVERIC ALKALOIDS, or PTOMAINES, bodies playing so great a part in 
Food-poisoning and in the Manifestations of Disease, have received special attention. 
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With Numerous Tables, and 22 Illustrations. 16s. 


DAIRY CHEMISTRY 
FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 


A Practical Handbook for Dairy Chemists and others 
having Control of Dairies. 


by Ey DROOP- RICHMOND, E-C:S., 
CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

Contents.—I. Introductory.—The Constituents of Milk, II. The Analysis of 
Milk. III. Normal Milk: its Adulterations and Alterations, and their Detection. 
IV. The Chemical Control of the Dairy. V, Biological and Sanitary Matters, 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow.—Appendices.—Tables.—Index. 


£e In our opinion the book is the BEST CONTRIBUTION ON THE SUBJECT THAT 


HAS YET APPEARED in the English language.”—Lancet. 


Just Our. Fully Illustrated. With Photographs of Various Breeds 
of Cattle, &c. 6s. net. 


MILK: ITS PRODUCTION & USES. 


With Chapters on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 


Byres WA te he WrirloUuG HBY, 


M.D. (Lond.), D.P.H. (Lond. and Camb.), 
Inspector of Farms and General Scientific Adviser to Welford and Sons, Ltd. 


** A good investment to those in the least interested in dairying. Excellently bound ; 
printed on good paper, and well illustrated, running to 259 pages, the purchaser gets at 
“the price of a novel a work which will stand good as a work of reference for some years 
to come.” —Agricult. Gazette. 

** We cordially recommend it to everyone who has anything at all to do with milk.”— 
Dairy World. 


Just Reapy. In Crown 8vo, Fully Illustrated. 
THE LABORATORY BOOK OF 


DAIRY ANALYSIS. 


By H. DROOP RICHMOND, F.I.C., 
Analyst to the Aylesbury Dairy Co., Ltd. 


CONTENTS,—Composition of Milk and its Products.—Analysis of Milk.— 
Analysis of Liquid Products.—Application of Analysis to the Solution of 
Problems.—The Analysis of Butter.—Analysis of Cheese. —Tables for Calcu- 
Jation.—Standard Solutions, —INDEXx. 


In Large 8vo. Handsome Cloth. 


AGRICULTURAL CHEMISTRY AND ANALYSIS : 


A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
Dyer avin LEN Os Disa) WE Cee i C.S., 


Professor of Chemistry, Downton College of Agriculture. 
[In Preparation, 
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Crown 8vo, Handsome Cloth. Fully Illustrated. os. 6d. 


FLESH FOODS: 


With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A Practical Handbook for Medical Men, Analysts, Inspectors and others. 


By C. AINSWORTH MITCHELL, B.A.(Oxon), 


Fellow of the Institute of Chemistry; Member of Council, Society of Public Analysts. 
With Numerous Tables, Illustrations, and a Coloured Plate. 


CONTENTS.—Structure and Chemical Composition of Muscular Fibre.—of 
Connective Tissue, and Blood.—The Flesh of Different Animals.—The Examina- 
tion of Flesh.—Methods of Examining Animal Fat.—The Preservation of Flesh. 
—Composition and Analysis of Sausages. —Proteids of Flesh.—Meat Extracts and 
Flesh Peptones,—The Cooking of Flesh.—Poisonous Flesh.—The Animal Para- 
sites of Flesh.—The Bacteriological Examination of Flesh,—The Extraction and 
Separation of Ptomaines,—INDEXx. 


** A compilation which will be most useful for the class for whom it is intended.”—4 thenaeum. 
‘*A book which NO ONE whose duties involve considerations of food supply CAN AFFORD TO BE 
WITHOUT.’ —Municipal Fournal, 


In Large 8vo. Handsome Cloth. With numerous Illustrations. 
Each Volume Complete in Itself, and Sold Separately. 


TECHNICAL MYCOLOGY: 


THE UTILISATION OF MICRO-ORGANISMS IN THE 
ARTS AND MANUFACTURES. 


A Practical Handbook on Fermentation and Fermentative Processes for the Use of 
Brewers and Distillers, Analysts, Technical and Agricultural Chemists, 
and all interested in the Industries dependent on Fermentation. 


By Dr. FRANZ LAFAR, 


Professor of Fermentation-Physiology and {Bacteriology in the Technical 
High School, Vienna. 


With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the 
Carlsberg Laboratory, Copenhagen. 


TRANSLATED BY CHARLES T. C. SALTER. 


Vol. I._SCHIZOMYCETIC FERMENTATION. 15s. 


Including the Theory of Fermentation, the Principles of Sterilization, and Pure 
Culture Processes. 


Vol. IL, Part I—EUMYCETIC FERMENTATION. 7s. 6d. 


The Morphology, Chemistry Physiology, and Fermentative Processes of the Eumycetes, 
Zygomycetes, and Saccharomycetes. 


‘The first work of the kind which can lay claim to completeness in the treatment of 
a fascinating subject. The plan is admirable, the classification simple, the style is good, 
oe be tendency of the whole volume is to convey sure information to the reader,”— 

ancet, 

*,* The publishers trust that before long they will be able to present English readers 
with the whole of the second volume, arrangements having been concluded whereby, upon 
its appearance in Germany, the English translation will be at once putin hand. This is now 
being done with Part I., which will be issued shortly, and which will be followed by the 
two final parts. 
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In Crown 8vo, Handsome Cloth. Price 7s. 6d. net. 


FERMENTS 
AN D THEIR ACTION S. 
A Text-book on the Chemistry and Physics of Fermentative Changes. 


By CARL OPPENHEIMER, PuD., M.D. 


Of the Physiological Institute at Erlangen. 
TRANSLATED FROM THE GERMAN BY 
C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 


ABRIDGED CONTENTS.—Introduction. — Definition.—Chemical Nature of Ferments.— 
Influence of External Factors.—Mode of Action.—Physiological Action.— Secretion.— ° 
Am portance of Ferments to Vital Action.—Proteolytic Ferments.—Trypsin.— Bacteriolytic 
and Hemolytic Ferments.— Vegetable Ferments.—Coagulating Ferments.—Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glucosides.—Hydrolytic Ferments.—Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.—Biology of Alcoholic Fermentation.—Oxydases.—Oxidising Fermentation.—Bibli- 
ography.—INDEX. 


“Such a veritable muliwm in parvo has never yet appeared. The author has set himself 
the task of writing a work on Ferments that should embrace human erudition on the 
subject ’—Brewers’ Journal. 


Crown 8vo. Handsome Cloth. 
[Companion Volume to “FERMENTS,” by the same Author.] 


TOXINE AND ANTI-TOXINE. 


By CARL OPPENHEIMER, Pu.D., M.D., 
Of the Physiological Institute at Erlangen. 


TRANSLATED FROM THE GERMAN BY 


C. AINSWORTH MITCHELL, M.A., F.L0., F.CS. 


With Notes and Additions by the Author, since the publication of the German Edition. 


Deals with the theory of Bacterial, Animal, and Vegetable Toxines, such as 
Tuberculin, Ricin, Cobra Poison, c&e. 
Bacteriologists, Medical Students, and. Scientific Workers will find this book 
most valuable. 


Tuirp Epirion. In Handsome Cloth. Fully Illustrated. 


PRINCIPLES AND PRACTICE OF BREWING. 
FOR THE USE OF STUDENTS AND PRACTICAL MEN. 
By WALTER J. SYKES. 

Revisep By ARTHUR R. LING, F.LC., F.C.S., 


Editor of the Journal of the Institute of Brewing. 


In Crown 8vo. Handsome Cloth. 
A PRACTICAL LABORATORY HANDBOOK ON 


THE BACTERIOLOGY OF BREWING. 
By WALTER A. RILEY, F.O.S. 


ABRIDGED CONTENTS. — Laboratory Handbook and Apparatus. — Sterilisation. — 
Nutritive Liquids. — Microscope, Reagents, &c. — Methods of Analysis. — Practical 
Methods, including the use of ‘‘Brettanomyces,” Cider and Wine Fermentations— 
Determining Races of Yeasts, &c.—Practical Notes on Yeast. 
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SECOND EDITION, REVISED AND ENLARGED. 
With Tables, Illustrations in the Text, and 37 Lithographic Plates. Medium 
8vo. Handsome Cloth. 30s, 


SEWAGE DISPOSAL WORKS: 


A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 


By W. SANTO CRIMP, M.Inst.C.E., F.G.S., 
Late Assistant-Engineer, London County Council. 


‘Probably the MOST COMPLETE AND BEST TREATISE on the subject which has apr 
.in our language. . . Will prove of the greatest use to all who have the problemfof 
Sewage Disposal to face.”—Edinburgh Medical Journal, 


Beautifully Illustrated, with Numerous Plates, Diagrams, und 
Figures in the Text. 21s. net. 


TRADES’ WASTE: 


ITS TREATMENT AND UTILISATION. 


A Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 


By W. NAYLOR, F.0.8., A.M. Inencgome 


Chief Inspector of Rivers, Ribble Joint Committee. 


ContTEeNTS.—I. Introduction.—II. Chemical Engineering.—III.—Wool De-greasing 
and Grease Recovery.—IV. Textile Industries; Calico Bleaching and Dyeing.—V. Dyeing 
and Calico-Printing.—VI. Tanning and Fellmongery.—VII. Brewery and Distillery 
Waste.—VIII. Paper Mill Refuse.—IX. General Trades’ Waste.—INDEX. 

‘*There is probably no person in England to-day better fitted to deal rationally with 
such a subject.”"— British Sanitarian. 

* The work is thoroughly practical, and will serve as a handbook in the future for those 
who have to encounter the problems discussed.”—Chemical Trade Journal. 


Now Reapy. In Handsome Cloth. With 59 Illustrations. 6s. net. 


SMOKE ABATEMENT. 


A Manual for the Use of Manufacturers, Inspectors, Medical Officers ‘of 
Health, Engineers, and Others. 


By WILLIAM NICHOLSON, 
Chief Smoke Inspector to the Sheffield Corporation. 


CONTENTS.— Introduction. —General Legislation against the Smoke Nuisance. — 
Local Legislation.—Foreign Laws,—Smoke Abatement.—Smoke from Boilers, Furnaces, 
and Kilns. — Private Dwelling-House Smoke.— Chimneys and their Construction. — 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Summary and Conclusions.—INDEX. 


SECOND EDITION. In Medium 8vo. Thoroughly Revised and Re-Written. 
I5s. net, 


CALCAREOUS CEMENTS: 


THEIR NATURE, PREPARATION, AND USES. 


With some Remarks upom Cement Testing. 


By GILBERT R. REDGRAVE, Assoc. Inst. C.E., 


Assistant Secretary for Technology, Board of Education, South Kensington, 


Anp CHARLES SPACKMAN, F.C.S. 


INVALUABLE to the Student, Architect, and Engineer.” — Building News. 
- ‘* Will be useful to ALL interested in the MANUFACTURE, USE, and TESTING of Cements,”— 
ngineer. 
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With Four Folding Plates and Numerous Illustrations. Large 8vo. 
8s. 6d. net. 


WATER SUPPLY: 


A Practical Treatise on the Selection of Sources and the Distribution of Water. 
By REGINALD EK. MIDDLETON, M.Inst.C.E., M. Inst. Muon. E., F.S.I. 


ABRIDGED CONTENTS.—Introductory.—Requirements as to Quality.—Requirements 
as to Quantity.—Storage Reservoirs.—Purification.—Service Reservoirs.—The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
Requirements. | 


‘‘ As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf.”—Practical Engineer. 


TurrpD Epirion, Revised. Fully [llustrated. In Two Volumes. 


VOLUME I. Price 7s. 6d. net. 
AD II.—READY SHORTLY: 


THE CHEMISTRY OF 
GAS MANUFACTURE : 


A Hand-Book on the Production, Purification, and Testing of IIluminating 
Gas, and the Assay of the Bye-Products of Gas Manufacture. 
By W. J. ATKINSON BUTTERFIELD, M.A., F.1.C., F.O.S., 
Formerly Head Chemist, Gas Works, Beckton, London, E. 


‘““The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing.”—Journal of Gas Lighting. 


With Diagrams and Illustrations. 5s. net. 


ACETYLENE: 
THE PRINCIPLES OF ITS GENERATION AND USE. 


By F. H. LEEDS, F.1LC, F.GS., 
Member of the Society of Public Analysts and of the Acetylene Association; 


Anp W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S. 
Consulting Chemist, Author of ‘‘ The Chemistry of Gas Manufacture.” 
‘* Brimful of information.”—Chem. Trade Journal. 
“We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods 
procedure, and to the student as a safe and certain guide.”—Acetylene. 


Large 8vo. Handsome Cloth. Price 16s. net. 


FIRE AND EXPLOSION RISKS: 


A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions. 
By Dr. VON SCHWARTZ. 


Translated from the Revised German Edition 
By+G, ...6. » ALLE RR. 


ABBRIDGED GENERAL CONTENTS.—Fires and Explosions of a General Character — 
Dangers arising from Sources of Light and Heat.—Dangerous Gases.—Risks Attending 
Special Industries. — Materials Employed. — Agricultural Products. —Fats, Oils, and 
Resins.—Mineral Oils and Tar.—Alcohol, &c.—Metals, Oxides, Acids, &c.—Lightning- 
Ignition Appliances, Fireworks. 

“The work affords a wealth of information on the chemistry of fire and kindred 
topics.”— Fire and Water. 


““A complete and useful survey of a subject of wide interest and vital importance.”— 
Oil and Colourman’s Journal. 
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TWELFTH EDITION, Revised and Enlarged. Price 6s. 


PRACTICAL SANITATION: 


A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS | 
INTERESTED IN SANITATION. 


By GEORGE REID, M.D., D.P.H., 


Feliow, Mem. Council, and Examiner, Nanitaee Institute of Great Britain, 
and Medical Officer to the Staffordshire County Council. 


With an Appendix on Sanitary Law. 
By HERBERT MANLEY,- SLA, MB Gea, 
Medical Officer of Health for the County Borough of West Bromwich. 

GENERAL CONTENTS.—Introduction— Water Supply: Drinking Water, 
Pollution of Water—Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal—Sanitary 
and Insanitary Work and Appliances—Details of Plumbers’ Work—House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac- 
teristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food— 
Appendix: Sanitary Law; Model Bye-Laws, &c. 

‘‘Dr. Reid’s very useful Manual . . . ABOUNDS IN PRACTICAL DETAIL,” 
—British Medical Journal. 

‘*A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend 
it not only to SANITARY INSPECTORS, but to HOUSEHOLDERS and ALL interested 
in Sanitary matters.”—Sanztary Record. 


COMPANION VOLUME TO REID’S SANITATION. 
In Crown 8vo. Handsome Cloth. Profusely Illustrated. 8s. 6d. net. 


Sanitary Engineering: 


A Practical Manual of Town Drainage and Sewage and Refuse Disposal, 


For Sanitary Authorities, Engineers, Inspectors, Architects, 
Contractors, and Students. 


BY 


FRANCIS WOOD, AM INS? Co 


Borough Engineer and Surveyor, Fulham; late Borough Engineer, Bacup, Lancs. 


GENERAL CONTENTS. 


Introduction.—Hydraulics.—Velocity of Water in Pipes.—Earth Pressures and Retaining 
Walls.—Powers.—House Drainage. —Land Drainage.—Sewers.—Separate System.—Sewage 
Pumping.—Sewer Ventilation.—Drainage Areas.—Sewers, Manholes, &c.—Trade Refuse.— 
Sewage Disposal Works.—BacTERIOLysis.—Sludge Disposal.—Construction and Cleansing 
of Sewers.—Refuse Disposal.—Chimneys and Foundations. 


‘* The volume bristles with information which will be greedily read by those in need of assistance. The 
book 1s one that ought to be ou the bookshelves of EVERY PRACTICAL ENGINEER,”—Sanztary Fournal, 


‘‘A VERITABLE POCKET COMPENDIUM of Sanitary Engineering. . A work which may, in 
many respects, be considered as COMPLETE .. , COMMENDABLY CAUTIOUS . . . INTERESTING 
. SUGGESTIVE,”—Pubilic Health Engineer, 
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CHEMISTRY AND TECHNOLOGY. 79 


VoL. I. Now READY. IN HALF Morocco, 24s. NET. 


In Two Volumes, each complete in itself. 


PHYSICO-CHEMICAL TABLES 


FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 


Volume I.—Chemical Engineering, Physical Chemistry. 
Volume II.—Chemical Physics, Pure and Analytical Chemistry. 
[Shortly. 


pve OLN CASTELICE VANS, ~ E-1:Cy, -F-CS.; 


Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 
Metallurgy at the Finsbury Technical College. 


The Tables may almost claim to be exhaustive, and embody and collate all the most 
recent data established by experimentalists at home and abroad. The volumes will be 
oe invaluable to all engaged in research and experimental investigation in Chemistry and 

ysics. 


The Work comprehends as far as possible ALL RULES AND TABLES required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c.; and also the prin- 
cipal data in THERMO-CHEMISTRY, ELECTRO-CHEMISTRY, and the various branches of 
CHEMICAL Puysics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 


In Large 8vo. Handsome Cloth. Beautifully Illustrated. With 
Plates and Figures in the Text. 21s, 


Road Making and Maintenance: 


A PRACTICAL TREATISE FOR ENGINEERS, 
SURVEYORS, AND OTHERS. 


WiTH AN HISTORICAL SKETCH OF ANCIENT AND MopDERN PRACTICE. 


By THOS. AITKEN, Assoc.M.Inst.0.E., 


Member of the Association of Municipal and County Engineers; Member of the Sanitary 
Inst.; Surveyor to the County Council of Fife. Cupar Division. 


WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. 


ContTENTS.—Historical Sketch.—Resistance of Traction.—Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal.—Quarrying.—Stone Breaking and Haulage.—Road- 
Rolling and Scarifying.—The Construction of New, and the Maintenance 
of existing Roads.—Carriage Ways and Foot Ways. 


“The Literary style is EXCELLENT. . . . A COMPREHENSIVE and EXCELLENT Modern Book, an 
UP-TO-DATE work. Should be on the reference shelf of every Municipal and County 
Engineer or Surveyor i in the United Kingdom, and of every Colonial Engineer.”—The Surveyor. 
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THIRD EDITION, Revised and Enlarged. With Illustrations. 12s. 6d. 


Painters’ 
Colours, Oils, & Varnishes: 


A PRACTICAL MANUAL. 
BY.,G.E-O-RsG By HL. sblpWeRas ieee. 


Member of the Society of Chemical Industry ; Lecturer on the Technology of Painters’ 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

GENERAL CONTENTS.—Introductory—THE COMPOSITION, MANUFACTURE, 
AssAy, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black—LAkrEs—Colour and Paint Machinery—Paint Vehicles 
(Oils, Turpentine, &c., &c.)}—Driers—VARNISHES,. 

“* A THOROUGHLY PRACTICAL book, . . . the onLY English work that satisfactorily 
treats of the manufacture of oils, colours, and pigments.”—Chemical Trades’ fournai 


*,* For Mr. Hurst’s GARMENT DYEING AND CLEANING, see p. 84. 


In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 


THE PAINTER’S LABORATORY GUIDE. 


A Student’s Handbook of Paints, Colours, and Varnishes. 
BY GEORGE H.*HURST, FCS oe 


ABSTRACT OF CONTENTS. — Preparation of Pigment Colours. — Chemical Principles 
Involved.—Oils and Varnishes.—Properties of Oils and Vainishes.—Tests and Experiments. 
—Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 


This Work has been designed by the Author for the Laboratory of the Technical School, and 
of the Paint and Colour Works, and for all interested or engaged in these industries. 


‘This excellent handbook, . . . the model of what a handbook should be.”—Ozis, 
Colours, and Drysalteries. 


Srconp Epirion, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 


Painting and Decorating: 


A Complete. Practical Manual for House 
Painters and Decorators. 


By WALTER JOHN PEARCE, 


LECTURER AT THE MANCHESTER TECHNICAL SCHOOL FOR HOUSE-PAINTING AND DECORATING. 


GENERAL CONTENTS. 

Introduction—Workshop and Stores—Plant and Appliances—Brushes and 
Tools—Materials: Pigments, Driers, Painters’ Oils—Wall Hangings— Paper 
Hanging—Colour Mixing—Distempering—Plain Painting—Staining— Varnish 
and Varnishing—Imitative Painting — Graining —Marbling—Gilding—Sign- 
Writing and Lettering—Decoration: General Principles—Decoration in Dis- 
temper—Painted Decoration—Relievo Decoration—Colour—Measuring and 
Estimating—Coach-Painting—Ship-Painting. 


‘‘A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRACTICAL INFOR- 
MATION in & CLEAR and CONCISE FORM.”—Plumber and Decorator. 
‘¢ A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . SO FULL and 


COMPLETE that it would be difficult to imagine how anything further could be 
added about the Painter’s craft.”— Builders’ Journal. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 


CHEMISTRY AND TECHNOLOGY. $1 


In Large 8vo. Handsome Cloth. With 4 Plates and Several 
Illustrations. 16s. net. 


THE CHEMISTRY OF INDIA RUBBER. 


A Treatise on the Nature of India Rubber, its Chemical and 
Physical Examination, and the Determination and 
Valuation of India Rubber Substitutes. 


Including the Outlines of a Theory on Vulcanisation. 
By CARL OTTO WEBER, Pu.D. 


‘¢Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete 7éswmé of every thing known on the subject.” —Jzdia-rubber Journal. 


Just Out. In Large Crown 8vo. Fully Illustrated. 


GLUE, GELATINE, 


AND THEIR ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agrieulturist, and Student of Teehnology. 


Pov lev AS A vB RRP 
Analytical and Technical Chemist. 

ConTENTS.— Historical.—GLur.—GELATINE.—Size and Isinglass.—Treatment of Efflu- 
ente produced in Glue and Gelatine Making.—Liquid and other Glues, Cements, &c.—Uses 
of Glue and Gelatine.—Residual Products.—Analysis of Raw and Finished Products.— 
APPENDIX.—INDEx. 


In Large Crown 8vo, Handsome Cloth. Fully Illustrated. 


PAPER TECHNOLOGY: 


AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKING FIBRES. 


With Selected Tables for Stationers, Publishers, and Others. 
ieee LNA IL. be C.o, 


ConTENTS.—Introduction.—Technical Difficulties relating to Paper.—The Manufacture 
of Rag Paper, Hand-made, Machine-made ; Esparto Papers; Chemical Wood Pulp; Me- 
chanical Wood Pulp ; Wood Pulp Papers; Art Papers; Hemp, Jute, and other Papers.— 
The Physical Qualities of Paper: Weight, Thickness, Strength, Elasticity, &c.—The 
Chemical Constituents of Paper: Clay, Pearl Hardening, Gelatine, Casein, Rosin, Alum, 
Starch, Pigments, Aniline Dyes, &c.—Chemical Analysis of Paper.—Microscopical Analy- 
sis.—Conditions Affecting Quality.x—‘‘C.B.S. Units.”—Vegetable Fibres used in Paper-- 
making.—Chemical and Physical Characteristics of Fibres. —Cellulose.—Statistics relating 
to Paper.—Tables.—Bibliography.—INDEx. 


In Large 8vo, Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 


THE MANUFACTURE OF INK. 
A Handbook of the Production and Properties of Printing, 
Writing, and Copying Inks. 

Besa AY MITCHELL, M-A,, F:I.C., anp T. C: HEPWORTH. 


GENERAL ConTENTS.—Historieal.—Inks and their Manufacture.—Writing Inks.— 
Carbon and Carbonaceous Inks.—Tannin Materials for Ink.—Nature of Inks.—Manufacture 
of Iron Gall Ink. — Logwood, Vanadium, and Aniline Black Inks.— Coloured Inks.— 
Examination of Writing Inks. — Printing Inks. — Early Methods of Manufacture.— 
Manufacture of Varnish Inks.—Preparation and Incorporation of the Pigment.—Coloured 
Printing Inks.—Copying Inks. Marking Inks.—Natural Vegetable Inks.—Safety Inks: 
and Papers. — Sympathetic Inks. — Ink Powders and Tablets. — Appendices. — Patent 
Specifications, &c. 

“*Thoroughly well arranged . . . and ofa genuinely practical order.”—British Printer: 
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$2 CHARLES GRIFFIN & CO.’S PUBLICATIONS. 


THE TEXTILE INDUSTRIES. 


Srconp Eprrion, Thoroughly Revised Throughout. In Two Large 
Volumes. Handsome Cloth. 


A MANUAL OF DYEING: 


FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 


BY 
E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.LC., F.C.S., 


Head of the Chemistry and Dyeing Department of Late Head of the Chemistry and Dyeing Department 
the Technical School, Manchester; Editor of ‘‘The of the Technical College, Bradford ; Member o 
Journal of the Society of Dyers and Colourists ;” Council of the Society of Dyers and Colourists 


And RICHARD LOEWENTHAL, Ph.D. 


GENERAL ConTENTS.—Chemical Technology of the Textile Fabrics— 
Water —Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters—Artificial Organic Colouring Matters— Mineral Colours 
—Machinery used in Dyeing—Tinctorial Properties of Colouring Matters— 


Analysis and Valuation of Materials used in Dyeing, &c., &c. 
‘‘ This authoritative and exhaustive work . . . the MOST COMPLETE we have yet seen 
on the subject.”—TZextile Manufacturer. 


JUST OUT. In Large 8vo, Handsome Cloth. Pp. i-xv+405. 168. net. 


THE SYNTHETIC DYESTUFFS, 


AND 
THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 
By JOHN CANNELL CAIN, D.Sc. (MANCHESTER AND TUBINGEN), 


Technical Chemist, 


Anp JOCELYN FIELD THORPE, Pu.D. (HEIDELBERG), 


Lecturer on Colouring Matters in the Victoria University of Manchester. 
Part I. Theoretical. Part II. Practical. Part III. Analytical. 


Companion Volume to Knecht & Rawson's *“* Dyeing.” In Large 8vo. 
Handsome Cloth, Library Style. 16s. net. 


A DICTIONARY OF 


DYES, MORDANTS, & OTHER COMPOUNDS 
USED IN DYEING AND CALICO PRINTING. 


With Formule, Properties, and Applications of the various substances described, 
and concise directions for their Commercial Valuation, 
and for the Detection of Adulterants. 


By CHRISTOPHER RAWSON, F.1.C., F.CS., 
Consulting Chemist to the Behar Indigo See Association ; Co-Author of ‘“‘A Manual 
C0) yeing ; 


WALTER M. GARDNER, F.CS., 


Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ; 
Editor of the ‘‘ Journ. Soc. Dyers and Colourists ;” 


Anp W. F. LAYCOCK, Ph.D., F.GS., 


Analytical and Consulting Chemist. 
‘* Turn to the book as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found. The authors have apparently left nothing out.” 
—Textile Mercury. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


THE TEXTILE INDUSTRIES. 83. 


Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 
16s. net. 


THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 


(FLAX, HEMP, JUTE, TOW, & RAMIE). 


A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 


By HERBERT R. CARTER, Belfast and Lille. 


GENERAL CONTENTS.—Long Vegetable Fibres of Commerce.—Rise and Growth of 
the Spinning Industry.—Raw Fibre Markets.—Purchasing Raw Material.—Storing and 
Preliminary Operations.—Hackling.—Sorting.—Preparing.—Tow Carding and Mixing.— 
Tow Combing.—Gill Spinning.—The Roving Frame.—Dry and Demi-sec Spinning.—Wet 
Spinning.—_Spinning Waste.—Yarn Reeling.—Manufacture of Threads, Twines, and 
Cords.—Rope Making.—The Mechanical Department.—Modern Mill Construction.— 
Steam and Water Power.—Power Transmission. 

‘¢ Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 
senting up-to-date practice.” —Nature. 


In Large 8vo, Handsome Cloth, with Numerous Illustrations. 9s. net. 


TEXTILE FIBRES OF COMMERCE. 


A HANDBOOK OF 
The Occurrence, Distribution, Preparation, and Industrial. 
Uses of the Animal, Vegetable, and Mineral 
Products used in Spinning and Weaving. 


By WILLIAM I. HANNAN, 


Lecturer on Botany at tbe Ashton Municipal Technical School, Lecturer on Cotton 
Spinning at the Chorley Science and Art School, &c. 


With Numerous Photo Engravings from Nature. 


“Uszerot InFoRMATION. . ._. ADMIRABLE ILLUSTRATIONS. . . . The information 
is not easily attainable, and in its present convenient form will be valuable.”—TZeztile 
Recorder. 


In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 


TEXTILE PRINTING: 


A PRACTICAL MANUAL. 
Including the Processes Used in the Printing of 
COTTON, WOOLDLEN, SILK, and HALF- 
SILK FABRICS. 


By C. F. SEYMOUR ROTHWELL, F.C.S., 


Yem. Soc. of Chemical Industries; late Lecturer at the Municipal Technical School, 
Manchester. 

GENERAL ConTENTts. — Introduction.— The Machinery Used in Textile 
Printing.—Thickeners and Mordants.—The Printing of Cotton Goods.—The: 
Steam Style.—Colours Produced Directly on the Fibre.—Dyed Styles.— 
Padding Style.—Resist and Discharge Styles.—The Printing of Compound 
Colourings, &c.—The Printing of Woollen Goods.—The Printing of Silk. 
Goods.— Practical Recipes for Printing. —Useful Tables.— Patterns. 

‘* BY FAR THE BEST aNd MO8T PRACTICAL BOOK ON TEXTILE PRINTING which has yet been 
brought out, and will long remain the standard work on the subject. It is essentially 
practical in character.”—Textile Mercury. 

‘¢ THE MOST PRACTICAL MANUAL Of TEXTILE PRINTING which has yet appeared. We have- 
no hesitation in recommending it.”"—The Textile Manufacturer. 
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Large 8vo. Handsome Cloth. 12s. 6d. 


BLEACHING & CALICO-PRINTING., 


A Short Manual for Students and 
Practical Men, 


By GEORGE DUERR, 


Director of the Bleaching, Dyeing, and Printing Department at the Accrington and Bacup 
Technical Schools; Chemist and Colourist at the Irwell Print Works. 


ASSISTED BY WILLIAM TURNBULL 
(of Turnbull & Stockdale, Limited). 


With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 


GENERAL CONTENTS.—Corron, Composition of ; BLEAcHING, New 
Processes; Printine, Hand-Block; Flat-Press Work; Machine Printing— 
-MorDANTS—STYLES OF UALICO-PRINTING : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
—Tannin Matters — Oils, Soaps, Solvents —Organic Acids—Salts— Mineral 
Colours—Coal Tar Colours—Dyeing—Water, Softening of—Theory of Colours 
—Weights and Measures, &c. 

‘*When a READY way out of a difficulty is wanted, it IN BOOKS LIKE THIS that it is found.”— 


Textile Recorder. 
“Mr, DUERR’S WORK will be found Most USEFUL. . , . The information given is of GREAT 


VALUE. . . . The Recipes are THOROUGHLY PRACTICAL, —Textile Manufacturer. 


SECOND EDITION. Revised and Enlarged. With Numerous 
Illustrations. 4s. 6d, 


GARMENT 
DYEING AND CLEANING, 


A Practical Book for Practical Men. 
BY iGEORGE HO (HONS 


Member of the Society of Chemical Industry. 


GENERAL CONTENTS.—Technology of the Textile Fibres—Garment Cleaning 
—Dyeing of Textile Fabrics—Bleaching—Finishing of Dyed and Cleaned Fabrics— 
‘Scouring and Dyeing of Skin Rugs and Mats—Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing—Straw Bleaching and Dyeing—Glossary of Drugs 
.and Chemicals—Useful Tables. 


** An UP-TO-DATE hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important work, the more so that several of the branches of 
the craft here treated upon are almost entirely without English Manuals for the guidance 
of workers. The price brings it within the reach of all.”"—Dyer and Calico-Printer. 

** Mr. Hurst’s work DECIDEDLY FILLS A WANT . .. . ought to be in the hands of 
EVERY GARMENT DYER and cleaner in the Kingdom” —Tertile Mercury. 
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INTRODUCTORY SCIENCE SERIES. 85 


‘Boys COULD NOT HAVE A MORE ALLURING INTRODUCTION to scientific pursuits 
than these charming-looking volumes.”—Letter to the Publishers from the Head- 
master of one of our great Public Schools. 


Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d. 


OPEN-AIR STUDIES IN BOTANY: 


SKETCHES OF BRITISH WILD FLOWERS 
IN THEIR HOMES. 


By R. LLOYD PRAEGER, B.A., M.R.LA. 


Illustrated by Drawings from Nature by S. Pacanona Praeger, 
and Photographs by R. Welch. 

GENERAL ContTEnts.—A Daisy-Starred Pasture—Under the Hawthorns 
—By the River—Along the Shingle—A Fragrant Hedgerow—A Connemara 
Bog—Where the Samphire grows—A Flowery Meadow—Among the Corn 
(a Study in Weeds)—In the Home of the Alpines—A City Rubbish-Heap— 
Glossary. 


‘‘A FRESH AND STIMULATING book . . ._ should take a high place vee Le 
Illustrations are drawn with much skill.”—The Times. 
‘¢ BEAUTIFULLY ILLUSTRATED. . . . One of the MOST ACCURATE as well as 


INTERESTING books of the kind we have seen.” — Atheneum. 
‘¢Redolent with the scent of woodland and meadow.” —The Standard. 


With /2 Full-Page Illustrations from gee anes Cloth. 
Second Edition, Revised. 88. 6d. 


OPEN-AIR STUDIES IN “GEOLOGY: 


An Introduction to Geology Out-of-doors. 
Py GRENVILLE A. J. COLE, F.GS., M.R.LA., 


Professor of Geology in the Royal College of Science for Ireland, 
and Examiner in the University of London. 

GENERAL CoNnTENTS.—The Materials of the Earth—A Mountain Hollow 
—Down the Valley—Along the Shore—Across the Plains—Dead Volcanoes 
—A Granite Highland—The Annals of the Harth—The Surrey Hills—The 
Folds of the Mountains. 

“The FASCINATING ‘OpEN-AIR StTuDIES’ Of Pror, CoLE give the subject a GLOW OF 


ANIMATION . . . cannot fail to arouse keen interest in geology.”—Geological Magazine, 
‘* A CHARMING BOOK, beautifully illustrated.” — Athenxum. 


Beautifully Illustrated. With a Frontispiece in Colours, ane Benak 
Specially Drawn Plates by Charles Whymper. ‘7s. 6 


OPEN-AIR STUDIES IN BIRD- ALIFE: 


SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 


Bry CHARLES DIXON. 

The Spacious Air.—The Open Fields and Downs.—In the Hedgerows.—On 
Open Heath and Moor.—On the Mountains.—Amongst the Evergreens.— 
Copse and Woodland.—By Stream and Pool.—The Sandy Wastes and Mud- 
flats.—Sea-laved Rocks.—Birds of the Cities. —INDEX. 


**Enriched with excellent illustrations. A welcome addition to all libraries.”—West- 
minster Review. 
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86 CHARLES GRIFFIN & C0O”S PUBLICATIONS. 


(To Subscribers, 6s.). 


THE OFFICIAL YEAR-BOOK 


OF THE 


SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 
COMPILED FROM OFFICIAL SOURCES. 


Comprising (together with other Official Information) LISTS of the 
PAPERS read during the Session 1904-1905 before all the LEADING 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
ments of Research :— 


§ t. Science Generally: z.¢., Societies occupy- 
ing themselves with several Branches of 
Science, or with Science and Literature 


: . Economic Science and Statistics. 
jointly. § 

§ 

§ 


6 

7. Mechanical Science, Engineering, and 
Architecture 

8. Naval and Military Science. 

9 

re) 


. Mathematics and Physics. . Agriculture and Horticulture. 


2 
3. Chemistry and Photography. . Law. 
4. Geology, Geography, and ‘Mineralogy. § xz. Literature. 
s. Biology, including Microscopy and An- | § 12. Psychology. 
thropology. §13. Archzology. 
$14. MEDICINE, 


“FILLS A VERY REAL WANT.” — Engineering. 

‘‘ INDISPENSABLE to any one who may wish to keep himself 
abreast of the scientific work of the day.”—LZdinburgh Medical 
Journal. 


“The YEAR-Boox oF Soctgtigs is a Record which ought to be of the greatest use for 
-the progress of Science.”—Lord Playfair, F.R.S., K.C.B., M.P., Past-President of the 


British Association. 
“It goes almost without saying that a Handbook of this subject will be in time 


one of the most generally useful works for the library or the desk.”—-The Times. 


** British Societies are now well represented in the ‘ Year-Book of the Scientific and 


Learned Societies of Great Brita and Ireland.’”"—(Art. “‘ Societies” in New Edition of 
“*Encyclopzedia Britannica,” vol. xxii.) 


Copies of the First Issug, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 


The YEAR-BOOK OF SOCIETIES forms a complete INDEX TO THE SCIENTIFIC WORK of the 


x ee ee = 7 
sessional year in the various Departments. It is used as a HANDBOOK in all our great: 
Screntiric CENTRES, Museums, and Liprarigs throughout the Kingdom, and has become 
an INDISPENSABLE BOOK OF REFERENCE to every one engaged in Scientific Work. 
CLOTS EE RS SS SE eS ee 


READY IN OCTOBER EACH YEAR. 
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